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The Sense of Direction in Animals 


General Principles Analyzed and Systematized 


By Dr. Rudolf Brun, Assistant in the Neurological Polyclinic of the University of Zurich 
Translated for the Scipnriric AMERICAN SuPPLeMent from the Biologisches Centralblatt (Leipzig). 


The problem of orientation in space is of no small 
interest from a psycho-physiologic and clinical point 
of view in human beings. I will merely refer, in pas- 
sing, on the one hand, to the astounding capacities 
of orientation possessed by certain savages, according 
to the reports of numerous travellers, and on the other 
hand to those remarkable and serious disturbances 
in the faculty of orientation, which the neurologist 
so often has the opportunity of observing in patients 
suffering from cortical blindness and so-called psych- 
logical blindness. In human beings, nowever, this 
question is naturally one of ex.ireme complexity; only 
very recently has this problem been seriously attacked 
and this is likewise true’ with respect to young in- 
fants, and for this reason it is still rather obscure 
even as regards the distribution of its essential com- 
ponents. However, an experimental analysis of the 
far simpler conditions present in the lower organisms 
such as birds and insects, may at least vouchsafe us 
a general insight into the principles according to which 
the complicated mechanism of distance orientation 
develops, and may likewise yield valuable data upon 
which to base future inquiries. When one examines 
the extensive literature dealing with this question 
one is often greatly surprised to see how arbtrarily 
many authorities, who are otherwise strictly scientific, 
express opinions based on mere theory, in spite of their 
careful and lucid observations. They display an arbi- 
trariness, indeed, which frequently does not shrink 
from purely romantic and physiologically incompre- 
hensible hypotheses, themselves based upon earlier un- 
tenable theories. For example, there is the theory of 
mysterious, still undiscovered powers (Fabre, Bethe) ; 
of an “absolute, internal power of direction entirely 
independent from all sense impressions of the external 
world” (Cornetz), or of an absolute knowledge of the 
four cardinal points of space (Berthelot) ; or of a per- 
ception of the magnetism of the earth (Viguier) or of 
“infra-luminous rays” (Duchatel); or of “nasal sense” 
(Cyon) ; or of a detailed kinesthetic registration of all 
the twists and turns executed by the body on the 
trip out (Bonnier-Raynaud-Pieron) ; or of a polariza- 
tion of the chemical particles concerned in the sense 
of odor (Bethe). All these and many other mysterious 
capacities have been proposed as “explanations” of 
the sense of direction exhibited by carrier pigeons, 
bees, and ants. In my opinion the cause of all these 
scientific misconcepts is to be looked for in a certain 
lack of the possession of a general biological point of 
view. There has been a lack of a solid theoretical 
basis which might have made possible a unified view 
of the phenomena of orientation in general, of their 
various biological stages, and of the general psycho- 
physiological laws which govern them. I have at- 
tempted to outline such a theoretical basis in my mono- 
graph upon Space Orientation in Ants* and the points 
of view thus obtained have proved to be both practi- 
eal and fruitful of results in my special experimental 
inquiries. I propose, therefore, to set forth in this 
first address the general bases of observation before 
describing in a second lecture the results of my ex- 
periments with ants ... believing that such a theo- 
retical outline will be of considerable assistance in 
the comprehension of the experiments referred to, 
which were often quite complicatd in character. 


1. SPACE ORIENTATION IN GENERAL. 


Orientation in space may be defined in general as 
the capacity possessed by an organism to place its 
body or the parts thereof in a definite position with 
respect to the stimuli affecting it, or, to relate its pro- 
gress in space in some regular manner to the stimuli 
concerned. According to this general definition the ca- 
pacity of orientation in all organisms including those 
which are sessile must be regarded as a primary prop- 
erty of living protoplasm and as such connected with 
every primary response to a stimulus. 

If we attempt to group the manifold phenomena here 
concerned according to biological and physiological 
laws, we may place them to begin with in two chief 
categories: I. A proprio-ceptive or absolute orienta- 
tion; and II, An extero-ceptive or relative orientation. 


Systematic investigations with respect to the kinesthetic 
sense of direction in human beings have recently been made 
by Szymanski (Pflueger’s Arch. f.4. ges. Phys. 1913). 

*Brun, The Orientation in Space of Ants and the Problem 
of Orientation in General. Gustav Fischer, Jena, 1914. 


I. The proprio-ceptive orientation is derived exclu- 
sively from internal sources, Le., from passive or ac- 
tive movements due to stimuli which have their source 
in the parts of the body which are moved. On this 
acount it bears no close relation to the external world, 
but merely orients the organism with regard to its ab- 
solute position in surrounding space or else with re- 
gard to the position of its members with respect to 
each other... 

The proprio-ceptive orientation is static or dynamic 
according to whether its purpose is satisfied by the 
simple response to the primary “position stimuli” or 
whether the result of these primary responsive move- 
ments is concerned in the development of a new and 
secondary orientation. 

1. Static orientation is concerned with a simple 
placing of the organism or its parts in a definite rela- 
tion to the perpendicular direction of gravity. In the 
case of plants these movements are extremely slow; 
they are obviously dependent upon a polar dissimilarity 
in the intensity of growth in the cells affected by the 
given stimulus, and thus they gradually lead to arrange- 
ments in the growth of the plant known as axotropisms 
(geo-tropism, helio-tropism, etc.) This most primi- 
tive form of orientation in space may be termed plas- 
mo-static orientation and offers a contrast to the neuro- 
static orientation of animals in which the position 
movements follow promptly and with the most deli- 
cate adjustment the alterations constantly taking place 
in the equilibrium of the body by means of complicated 
statotonic sense apparatus and reflex apparatus. 


Epitor1aL Notre.—This valuable article, 
which is of equal interest to the scientist and 
the layman, is the report of a lecture given by 
the author in the Psychiatric-Neurological 
Society of Zurich, the first portion being de- 
livered December 12th, 1914, and the second 
portion January 28rd, 1915. It is an admir- 
able example of clear thinking based on 
known facts in contrast to the too common 
practice among certain scientific men of deriv- 
ing far reaching conclusions from purely hy- 
pothetical premises. 


2. Dynamic proprio-ceptive orientation is composed 
of a more or less complicated time succession of those 
secondary proprio-ceptive registrations which we are 
accustomed to call kinesthetic, using the word im its 
widest sense. 

The stato-lithic, the lateral organs and semicircular 
canals of the labyrinth show passive alerations in 
the position of the axis of the body even when all other 
kinesthetic and extero-ceptive signs are excluded. 
That this is true is proved by the interesting fact 
that deaf mutes under water (in which case the mus- 
cular-static sense is excluded or at any rate greatly 
reduced) very often lose all sense of orientation with 
regard to the absolute position of their body in space 
and do not even know which is up and which is down. 
The function of static apparatus may be included 
with the muscular static sense (together with the 
corresponding passive perceptions of tension in the 
sinews, joints, and skin) under the designation passive 
sense of position, or passive kinesthesia. In contrast 
to this, active kinesthesia, the muscular sense, better 
termed the “sense of motion” operates pretty exactly to 
produce orientation by means of the active degrees of 
contraction ocurring from time to time in the differ- 
ent groups of muscles and also by the synergias and 
successions employed in acomplishing certain kinetic 
figures, such for example as a quarter turn to the right. 
As bares thesia, i. e., the sense of weight or force, it also 
registers roughly the active increase of muscular re- 
sistance which is required in mountain climbing to 
overcome gravity and in the descent of mountains for 
retarding the rate of passive fall, and thus it makes 
possible a certain estimation of the angle of inclina- 
tion. And finally, it is quite conceivable that even 
from the length of the road which has been passed 
over a certain impression may arise that the intensity 
of the degree of fatigue is somehow proportional to 
the length of the journey. From this point of view 


we are quite justified, therefore, in speaking of 
“sense of fatigue” or, in consideration of its functic 
of a “distance sense” or a “pedometer sense”. 

The importance of all these kinesthetic sensatio 
with respect to orientation in space is generally mud 
under-estimated; we are accustomed to class the 
among the so-called “obscure sensations” which 
incapable of arousing definite associated ideas. hi 
is a mistake, however, for the most ordinary ever 
day observation teaches us that these complex sense. 
tions leave behind them, under certain conditions, very 
definite kinesthetic “engram successions” [the worl 
engram signifies in brief a hereditary tendency] which, 
in combination with extero-ceptive sense impressions, 
and only with these, are of the greatest significane 
with respect to locomotor orientation in space. Everyone 
knows from his own experience, for example, with 
what certainty one makes the required twists and 
turns in going, for instance, from the bed to the wash. 
stand, or to the door of a room. But in this case the 
sense of touch has previously taught us the relative 
position of the bed, and starting from these exten 
ceptive guiding points we undertake without fear th 
accustomed kinesthetic journey in the dark, which h 
a strange hotel room would naturally take us to e- 
tirely different places. The kinesthetic engram suc 
cessions are far more delicately developed in the case 
of a blind person, which is probably why hex 
persons display such astonishing certainty of move 
ment within areas known to them and even on the 
streets of the towns where they live. 

II. While the proprio-ceptive orientation is con- 
cerned merely with the position and movement of 
the body, in what we may call an “absolute” space, 
the extero-ceptive senses orient the organism relatively, 
i.e., they place it in a definite relation to certain defin- 
ite points in the external world. The required prelimi- 
nary to this end is naturally a more or less shar 
sense localization of the stimulus concerned, or in other 
words the providing of the sense concerned with signs 
of locality. Extero-ceptive orientation in space im 
plies, therefore, the definite localizing of extero-cep 
tive stimuli upon the receptive sense organ. 

An example will make this clear. In human beings 
the sense of smell is not concerned in exact orientation 
in space, purely and simply for the reason that the 
receptive sense organ, i.e, the mucous membrane of 
the nose, is buried inside the skull and, therefore, does 
not separate spacially the various odors proceeding 
from different objects, but receives them all together 
in a diffused mixture. It is quite otherwise with ants. 
In this case the palille of smell are distributed upon 
symmetrical and highly movable organs—the antenne. 
With these “movable noses” as Forel has admirably 
termed them, ants are accustomed to touch all the ob 
jects which they desire to smell in every plane of 
space. The sense of smell in ants is, therefore, 4 
contact-odor sense, or as Forel calls it, a relational 
“topo-chemical sense” which must enable its posses 
sors to obtain very exact olfactory space impressions. 
Extero-ceptive orientation does not begin with the 
faculty of lecomotion, but includes‘ orientation with 
regard to the organism’s own body and its immediate 
neighborhood. In this case it can be either reflective 
or spontaneous. 

(a) To the extero-ceptive orientation reflexes be 
long those reflective responsive motions which are pro 
vided with signs of locality, Le, those which aim 
directly at the stimulative place. Among the spinal 
orientation reflexes of this category admirable ex- 
amples known to every physidlogist are the stroking 
reflexes of decapitated frogs when the legs are touched 
with acid and the scratching reflex of the spinal cord 
of the dog (Sherrington). Among the cortical reflexes 
are included here the plantar-reflex of the foot, and 
the reflexes of the eye and the ear (the focusing of the 
eye upon the optical stimulus and the turning of the 
head and of the eye towards the direction of the 
noise). 

(b) The most advanced stage of oriented motions 
of the organs of the body comprises the spontaneous 
motion having a definite object, e.g., grasping, point- 


*In the present article I make use, as in earlier works, in 
general of the clear and simple terminology employed by R. 
Semon to designate the processes of memory (Die Mneme, 2. 
Auf. Leipzig, 1908). 

‘According as the movement is towards the source of stim 
ulus or away from it. 
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of stim- 


ing, and touching with the fingers, fixing with the eye, 
etc. 

2. As soon as spontaneous locomotion appears orien- 
tation in space assumes other forms which are essen- 
tially different. It now comprises locomotor distance 
orientation which is no longer directed to the satis- 
faction of immediate needs from adjacent space, but 
is directed, in part, towards more remote biological 
purposes, including the quest for the opposite sex, the 
gathering of food and of building material for the 
nest, often from a very considerable distance, and 
finally, a change of nest and all sorts of expeditions 
for purposes of robbery or of war, together with the 
preliminary scouting expeditions. In short it com- 
prises an entire biological world. 

While a reflective orientation of the members of the 
organism is commonly liberated by any sufficiently 
powerful stimulus of the sense concerned (for ex- 
ample, a movement of the eye caused by some optical 
stimulus), it is characteristic of oriented locomotion 
that even in the most primitive cases it is only cer- 


tuin definite stimuli, specific both as to quantity and 


quality, to which the organism responds with an orien- 
tation which is usually likewise specific as regards 
preliminary signs* and direction. It is obvious that 
so highly specialized a process no longer has anything 
to do with the primary response to stimulus; it uncon- 
ditionally involves rather the entrance of a new fac- 
tor, that of memory. Acording to the nature of this 
memory process ... two chief forms can be differen- 
tiated with respect to locomotor distance orientation : 
the more primitive one termed immediate or direct 
orientation and a more advanced stage called mediate 
or indirect orientation. 

(a) We are concerned with direct orientation when 
the object of the locomotion is directly perceived by 
the senses as an actual stimulus. If a previously pre- 
pared mechanism present in the organism ab ovo corre- 
sponds to a specific distance stimulus, then the result- 
ing orientation must be regarded as the ecphoria of 
an inherited engram-complex and this may involve 
either a tropism or an automatic reflex, or finally, an 
automatic instinct. 

When a direct orientation follows without altera- 
tion in the incidental axis of the stimulus, we are 
justified in speaking of a tropism (Loeb, Verworn). 
In my opinion, however, this term should be exclusively 
confined to the corresponding simple responses to 
stimuli of the lowest organisms in which neither speci- 
fic sense organs nor a central nervous system have 
been developed®. In the higher animals in which such 
apparatus are present, the “tropic stimulus” usually 
involves a complicated previously prepared automat- 
ism, namely, a reflective or instinctive automatism. 

A reflective distance orientation can only be sup- 
posed when locomotion with a definite purpose is 
strictly connected with the continuance of an adequate 
direction-giving stimulus and when it ceases with the 
disappearance of the said stimulus. A frog, for ex- 
ample, creeps and jumps in pursuit of a fly only so 
long as the latter is in motion; as soon as the insect 
lights the amphibian loses all interest in the bit of 
food but now so eagerly desired. We may designate 
such reflective distance orientation as one-phase move- 
ment complexes, since in such instances the hereditary 
engram complex is entirely exhausted in the one phase 
of the oriented locomotion. 

The case is otherwise with instinct automatism. 
Here there becomes evident the primary direction stim- 
ulus and already highly differentiated many-phased 
hereditary engram-complex which ... can develop in 
all its phases in a somewhat autonomic manner, i. e., 
independently of the duration of the primary inciting 
stimulus. This is connected with two peculiarities 
of such many-phased hereditary complexes, or in other 
words, instincts. In the first place they are com- 
posed of a series of successive associated separate en- 


‘It must be considered a misuse of the term when Szyman- 
ski (Arch. f.d. ges. Phys. 138, 1911) recently referred to the 
concept of “Mnemo-tropism” comprising under this term those 
cases in which a definite direction is taken under the influence 
of a memory sensation (e. g. among ants as a result of the 
remembrance of a previous angular deviation which they 
had been forced to make). Only actual, i. e, original stimuli 
are capable of operating under all conditions “tropically” in 
the true sense of the word. 

"This involves at the same time a certain force in order 
to carry to an end under all conditions the succession once 
‘an: ‘The memory emotion continues during the entire 
This instinctive unrest is commonly observed when the 
gress of a hereditary engram succession is suddenly in- 
cupted by the elimination of the actual stimulus realized 
the phase concerned. I have termed this phenomenon, by 
son of the lack of a more beautiful Greek word, the 
imulus quest.” This is characteristic, therefore, for the 
rssence of a memory sensation. This phenomenon, among 


is 


‘ners, has also been quite correctly observed by Bethe but 
hos been erroneously designated by him as the ‘questing 
lex.” 


gram-complexes (temporary phases) which may be 
made manifest by so-called “phasogenic ecphoria” .. .* 
Secondly, most instincts also possess a certain plasti- 
city or individual adaptability .. . 

This may be made clear by an example. There are 
certain night moths which possess’ the ability to scent 
the female at the distance of a kilometer. As soon as 
such a moth perceives this specific odor he will move 
in the direction in which the stimulus increases. Let 
us suppose now that a gust of wind blows away, this 
extremely delicate emanation for a few minutes. Will 
the male interrupt his flight? Not so. Since the hered- 
itary engram-succession (in the present case the dif- 
ferent phases of the sexual instinct) has not yet been 
completed, but is rather in the first or orientation 
phase, the corresponding excitation of memory con- 
tinues. Since, however, on the vther hand, the tropic 
original stimulus which occasioned the progress has 
disappeared, the flight of the male is naturally no 
longer oriented, but assumes a_ restless, wavering 
character—in other words the little creature is “seek- 
ing” the lost stimulus.’ 

There is, however, a second possibility: the insect 
may have perceived the image of the moon in the fore- 
most division of its many faceted eyes during its 
flight, which is practically in a direct line, and may 
have associated secondarily with the direction of its 
flight, this constant image of a stimulus-complex per- 
taining to another sense. This second engram-com- 
plex of direction might operate vicariously in place 
of the first and thus maintain the original orienta- 
tion at least for awhile. . 

As we have seen in those forms of direct orienta- 
tion thus far described the inherited memory is quite 
sufficient at least for the mere production of the ini- 
tial phenomena. Obviously, however, there is a direct 
orientation which is based upon the ecphoria of in- 
dividually acquired plastic engrams. The stimulus 
complexes which occasion this ecphoria do not find in 
the organism a primary mechanism especially prepared 
for them, but owe their secondary-tropic power merely 
te the circumstances that their first effect was followed 
by a direct sensory attraction or repulsion. Conse- 
quently in every subsequent return of a similar (or 
even apparently similar) situation, the said reaction 
promptly recurs, because of a “similarity association,” 
or a mere “analogy result.” An example of this may 
be taken from Forel. 

Forel’ proffered to bees honey placed in artificial 
flowers of various colors made of papier maché. Af- 
ter the bees had discovered the food supply by acci- 
dent, they pounced greedily upon all the artificial 
flowers and returned to the natural blossoms only 
after the last drop of honey had been licked up. After 
the lapse of a short time he then placed two small 
pieces of red and white paper in the vicinity of the 
flower beds which the bees were visiting, but without 
placing honey upon the paper. In spite of this the 
bees all rushed eagerly at these new attractions, ex- 
amined them minutely, and only left them when they 
convinced themselves that there was no honey upon 
them. Bees, who had never made the happy discov- 
ery of a treasure of honey on paper would have paid 
not the smallest attention to the brightest of bits of 
paper. 

(b) The most advanced stage of the capacity of 
locomotor orientation is attained in mediate or in- 
direct orientation. ... In contrast to direct orienta- 
tion the goal of the locomotion is no longer given 
by the senses as a direct tropical stimulus but merely 
appears as an engram in the “sensorium.” The ecpho- 
ria of this goal occasions the locomotion, i.e., it forms 
the inner impulse for it and accompanies it as a 
memory sensation while it lasts, but, of course, it can 
give no information as to the actual situation in space 
of the objects sought or the direction to be taken for 
the reaching of the said object. The direction of the 
locomotion, i.e., the true orientation, is in this case 
determined mediately through secondary intermediate 
complexes which are connected by association with the 
stimulus complex of the starting point on the one hand, 
and of the goal on the other, and indeed . . . through 
continual successive association. Each of these in- 
termediate stimulus complexes left behind it a cor- 
responding engram complex and the entire series of 
the latter from the starting point to the goal forms, 
consequently, a successively associated engram com- 


8A. Forel, Das Sinnesleben der Insekten. Reinhardt, Mu- 
nich, 1910. 

*The successive association of a series of engram com- 
plexes is occasioned according to Semon by reason of the 
fact that the successive single original sensations . . . contin- 
ually overlap each other in such a manner that the begin- 
ning of each subsequent sensation is synchronous with the 
end of the previous one. Original sensations further sepa- 
rated from each other in time cannot therefore be associated 
to form a successive engram complex. 


plex. The process of indirect orientation consists, 
therefore, in the fact that each of these intermediate 


‘ complexes upon its actual recurrence first causes the 


ecphoria of the corresponding engram. The memory 
sensation occasioned by this inner process coincides 
more or less closely with the original (secondary) 
sensation concerned; there takes place... what we 
may call, following Semon, an “identifying memory 
homophony,” or in ordinary language, “recognition.” 

In this manner the entire intermediate complex 
from the starting point to the goal is redeveloped 
successively, so that naturally this memory succession 
must take place in the original series through the mere 
repetition of the following of the “outward-bound 
path.” (i.e, the reiteration) and in the opposite suc- 
cession in the case of the return path (i.e., successive 
reversion). 

The return trip from a rambling expedition is in 
principle, therefore, a successive reversion of the out- 
ward-bound path (Raynaud’s “Law of the Reverse 
Path”).” 

The theoretic foundation of this mechanism, Le., in 
relation to the return from the first journey, encount- 
ers certain difficulties ... Thus, for example, when 
a melody is sung backwards it is never recognized, 
and in the same way an optical succession which is 
reversed produces a very bizarre impression, as may 
be seen when moving pictures are run backwards. In 
the same way the return from a somewhat extensive 
first journey must be at the very least a very uncer- 
tain if not an impossible affair, since even the optical 
complexes encountered in the outgoing trip cannot 
be properly “associated” when the series is reversed. 
In reality, however, such a first journey never extends 
to great distances. The young animals learn to know 
the neighborhood of their nests quite gradually by 
means of ‘““orientation journeys” to increasingly ex- 
tended distances, so that each successive journey takes 
as its starting point the point which was the goal in 
the preceding expedition." The final point of the first 
journey is doubtless within sight of the nest ... and 
the first return trip is not a successive, but a simul- 
taneous reversion of the engram complex. Thus, the 
distance journey is made possible by numerous in- 
termediate complexes. Consequently, the successively 
associated intermediate complexes of an extended in- 
directly actuated distance journey are nothing more 
in practice than the original final stages of the previ- 
ous partial journeys. In this manner indirect orien- 
tation based upon successive associated complexes may 
be regarded as derived from the direct orientation con- 
cerned with the original stages of the journey.” And 
the return trip from such a distance journey compris- 
ing a series of stages is in reality less an immediate 
reversion of the total series of successive complexes 
than the reiteration of a second succession in the oppo- 
site direction, which is also made up of stages like 
the outgoing succession, and which has been created 
independently of the latter. 

We have hitherto assumed that indirect distance 
orientation is always created by several or many dif- 
ferent intermediate complexes. As a matter of fact, 
however, this applies only to a very limited number 
of cases for which I prefer to reserve the name of 
genuine associated memory of locality. By this phrase 
we understand only that highest stage of the capacity 
of indirect orientation which is based upon the pres- 
ence of a succession of numerous differentiated local- 
ity engrams. The characteristic type of such a memory 
of locality is the orientation of a human being in the 
streets of a familiar city by means of the successively 
encountered optical engrams of the various building 
complexes on both sides of the way combined with the 
kinesthetic engram complexes of the various branch- 
ings off now to the left and now to the right, ete. It 
is clear (and this is the final peculiarity of this dif- 
ferentiated, indirect orientation) that the relative di- 
rection, i.e., relative either to the starting point or to 
the goal, will be determined by the general direction of 
the journey. 

(Continued on page 875) 

Raynaud. Théorie de PDistinct d'orientation, C. R. Acad. 
Se. 125, 1897. L’Orientation chez les Oiseaux, Bull. Inst. gén. 
Psych. I, 1902. Bonnier (Rev. Sc. 1898) and Piérson (Bull. 
Inst. gén. Psych. 1904) referred the phenomenon to the 
“Muscular Sense,” 1. e., they supposed that animals execute 
on the return trip a minutely detailed reversion of all the 
kinetic figures evolved on the outgoing expedition. 

Several authorities have verified this mode and agree 
with each other in regard to it, including Hachet-Souplet 
(Carrier Pigeons) in Ann. de Psych. Zodl. V. 1902, Buttel- 
Reepen (Bees) in Biol. Ceutbl. 1900), Bates, in “The Natural- 
ist on the River Amazon,” London, 1873, C. and E. Peckham 
(Other Flying Hymenoptera) in Wisconsin Nat. Hist., 1893, 
Ernst in Arch. f.4. ges. Psych. 1910 and 1914, and myself 
(concerning ants). 

2Only by the aid of this assumption can it be explained 
how these apparently chance intermediate complexes, which 
in themselves have nothing to do with the goal, happen to 
serve in general as “guiding points.” 
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A new growth of kudzu starting its first year 


The same field as it appeared a year later 


Kudzu, the Latest Forage Plant 


A New Crop Developed from an Ornamental Vine, Which Appears to Have a Brilliant Future 


THERE are thousands of people in the cities through- 
out this country who grow climbing vines over summer 
house, front porches, pergolas, and so forth, for shade 
or screening. For many years honeysuckles, moon 
vines, cinnamon vines, virgin’s bower, Virginia creeper, 
or some other plant has been grown. But there is an- 
other climbing vine that is becoming very popular, and 
that is the kudzu plant. This is a perennial plant, and 
one of the fastest growers known. It makes a beauti- 
ful growth, the leaves being a dark green, and produces 
a dense growth providing a splendid shade. But the 
kudzu plant has another virtue and one that should 
place it ahead of any other climber to-day. That vir- 
tue lies in its value as a food for stock. It is richer in 
protein than alfalfa, and animals thrive on it. Al- 
though a perennial, the vines should be cut down to 
the ground each fall at the approach of winter. The 
heavy growth of even one vine will sometimes make 
more than one wagon load of good hay. 

This remarkable vine gives promise of being one of 
the leading sources of wealth in certain sections of the 
country in the near future, especially in some of the 
southern states. It really is a pea vine that springs up 
from the roots when the first warm days come in the 
spring of the year and grows vigorously until a killing 
frost comes in the fall. This gives a growing season 
in some states of at least eight months in the year 
during which several cuttings of hay can be made. 
Instances are known in which four cuttings of hay, 
averaging ten tons per acre, in a single season have been 
made. The hay is of the highest quality, being equal 
to cow peas or alfalfa and much richer than timothy. 

The average analysis made by the State Chemist of 
Florida, where the vine is now quite common, shows 
protein 17.43 per cent and starch and sugar 30.20 per 
cent, which makes it a somewhat richer food than 
wheat bran. Another remarkable feature is that, al- 
though the hay is as rich a food as alfalfa, it is entirely 
free from the tendency to cause loose bowels and bloat 
in horses and other livestock which interferes so seri- 
ously with the use of alfalfa. When moistened, kudzu 
hay becomes almost like fresh foliage again and makes 
an excellent green ration for poultry in winter. 
well adapted for use in making mixed feed stuffs and 
for all other purposes for which alfalfa can be used. 

The hay cures very quickly, retaining its leaves and 
bright green color instead of shedding as cow peas 
and velvet beans do; in fair weather only one day is 
required before it is ready to put in the barn. For this 
reason it can be easily cured in the fields in stacks and 
under duck covers, thereby obviating the expense of 
building barns. Labor can also be saved by using 
sweep rakes instead of hauling the hay on wagons 
after it has been cut with a mowing machine and raked 
into furrows with a common horse rake. Kudzu hay 
is worth from $20 per ton up, making the product of 
an acre yield $200 or over. 

According to a number of authorities, kudzu is of 
even greater value for grazing purposes than for hay, 
since it requires no cultivation after the first season 
and will thrive upon land that is too poor and rough 
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for any other crop. It has been found to do well on 
all types of soil from pure sand to the stiffest clay, 
provided the land is sufficiently well drained to admit 
of growing corn or velvet beans; where the soil is too 
wet to grow these successfully it is also too wet for 
kudzu. Like any other crop, kudzu will make a 
stronger growth on rich land, but it does well on land 
that is too poor for other hay crops and, moreover, 
rapidly improves the soil by adding nitrogen through 
the ministration of the bacteria on its roots. In this 
respect it las the same power as cow peas, alfalfa 
and other leguminous crops. 

This addition of nitrogen to the soil and the pro- 
tection from washing rains and the baking heat of 
the sun afforded by the dense growth of vines, causes 
rapid improvement in the quality of the land where 
kudzu is grown. And, while even poor soil becomes 
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Kudzu is a shade vine 


rich within a few years when planted to kudzu, it is 
yet advisable to use some fertilizer the first season in . 
order to hasten the growth of the vine until it can 
draw in atmospheric nitrogen. After this it will not 
require fertilizing, for its deep root system draws 
potash and phosphoric acid from the sub-soil, while 
its leaves draw all the nitrogen needed by the plant 
from the air. For this reason the soil becomes richer 
every year instead of becoming exhausted as in the 
ease where grasses are grown for hay. The deep 
roots live to a great old age and become stronger and 
more vigorous as the years pass by. 

One planting of kudzu is permanent and the yield 
of hay increases as the ground becomes more thickly 
set with the vines, taking root at the joints. The 
greater number of vines struggling for air and light 
creates a tendency to make them more slender and 


leafy, and this improves the quality of the hay by 
eliminating any coarse vines, thereby enabling horses 
and other livestock to eat it up clean without any 
waste. The vines that run along the surface throw 
out roots at the joints, and these, becoming new plants 
bind the soil firmly together, thus preventing the wash- 
ing and erosion of hillsides by heavy rains. While 
this improvement is taking place the field is giving 
fine returns to its owner through the immense supply 
of rich forage on which the cattle, horses and other 
livestock can graze. The result is that they are kept 
fat and in fine health at a very small cost for eight 
months of the year. 

The roots of kudzu penetrate so deeply as to make 
it proof against any dry weather that is ever likely to 
prevail in most sections of the country. This feature 
and its peculiar habits of neither blooming nor bearing 
seed under field culture, causes the vines to remain 
zreen and growing during the entire period from 
spring to fall. The hay can therefore be cut at any 
time that is convenient, when weather conditions are 
suitable for curing the hay, as kudzu is not injured 
by waiting for good weather as other hay crops do. 
This feature gives it an immense advantage over any 
other crop. 

Kudzu is propagated by means of the plants that 
have rooted from the joints of the vines and when 
transplanted carry with them on their roots the tu- 
bercles that are needed to inoculate the soil of the new 
field. In planting kudzu the land should first be 
deeply planted, then harrowed, and finally checked 


into rows 8% feet apart each way, setting a plant at . 


each check. Tap roots should be laid along the bottom 
of the furrow, with crowns slanting upward to within 
two inches of the surface and then covered with loose 


earth to the level of the surface. This requires 1,018 


plants per acre. One man and a boy can set several 
acres a day. The man carries a shovel and opens up 
the holes by sticking it in the ground and pressing the 
handle forward, while the boy, carrying the plants, 
sticks them in back of the shovel. The shovel is re- 
moved and the man steps on each side of the plant to 
press the earth firmly, after it falls back on the plant. 

The proper time for planting kudzu is two or three 
weeks in advance of corn planting or a little earlier 
if one can get the ground ready. A full crop of corn 
may be grown on the same land, the first year, by 
dropping the grains between the plants. Neither will 
interfere with the other and both need about the same 
attention, only the ground should be left smooth and 
level at the last cultivation to permit easy rooting of 
the vines or runners and subsequent mowing for hay. 
Plants cannot root so well on a rough surface. 

After the first year the kudzu will not need any 
cultivation, as the vines will run all over the ground 
the second season and take root at the joints, grow- 
ing so rapidly as to choke out all other plants, even 
such pests as nut, Johnson and Bermuda grasses. At 
the same time it is an easy matter to get rid of kudzu 
if desired, for the plants will sprout only from the 
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The kudzu field of page 364 after a cutting of 4 tons per acre, to be followed 


by a second cut almost as heavy. 


crowns and can be killed by cutting off the crowns with 
a disk plow in hot, dry weather. For this reason 
there is no danger that kudzu will ever become a pest. 

Kudzu is perfectly hardy all over the United States 
and endures the winters as far north as Nova Scotia. 
It will, therefore, be a valuable crop in the northern 
states as well as in the South, although the longer 
growing season in the South is naturally an advantage. 

One of the most successful growers of kudzu in this 
country is Mr. C. E. Pleas, Chipley, Florida, who was 
one of the first to discover the wonderful qualities 
of this plant as a forage. Mr. Pleas’ discovery came 
about as a result of planting the vine for ornamental 
purposes, to cover a summer house on the lawn of his 
home, as all other vines had failed to cover it near the 
ground. After two summers’ trial he grubbed it out, 
because the prostrate vines trailed all over the yard 
and grew so fast that he could not keep it confined to 
the summer house and in mowing the lawn the leaves 
made such a litter that it was given up as a bad job. 

The three roots that were grubbed up were thrown 
on a trash pile where Mr. Pleas disposed of the trim- 
mings from the roses and other shrubbery on the place, 
the idea being that, since it wanted to run on the 
ground, it would hide the trash pile from view. In 
three years’ time the vines had covered all that corner 
of the yard, about 35 by 40 feet, to a depth of three 
to four feet, had covered all the fences and had 
reached the barn lot where the family horses were 
kept, and in such amounts that Mr. Pleas became 
alarmed, thinking it might be poisonous. 

Accordingly, he sent some of it to the Department 
of Agriculture at Washington for examination. On 
being informed that it possessed no poisonous qualities, 
he began investigating and experimenting and found 
by repeated analyses its high percentage of protein. 
Since then he has grown it regularly every season and 
says that in his thirty-five years’ experience in farming 
in different states, and with various hay crops, he has 
never seen a hay that cures so quickly, holds its leaves 
so well, or keeps its color so perfectly, under various 
conditions, as kudzu does. 

Last season Mr. Pleas made the best corn ever 
grown in Florida, 40 bushels to the acre, after kudzu 
and without a particle of fertilizer. Furthermore, 
this was on land that had never before produced a good 
crop of any kind, being worn out soil. The kudzu 
completely rejuvenated it in two seasons. 


Checking the Alignment of Diesel Engine Shafts* 
By Geo. E. Windeler 


EXPERIENCE shows that regular periodic overhauls 
obtain more efficient service out of engines with a 
lower average cost of upkeep. Engines overhauled 
only when they are on the point of breakdown are 
more costly in upkeep, and the user should realize that 
it is to his interest to keep his engine in first-class 
condition. Seeing that Diesel engine plants have had 
to run many hours owing to the extensive demand for 
electric power for war purposes, it may be assumed 


*Abstract by the Electrician (Londcn) of a Paper read before 
the Diesel Engine Users’ Association. 


that many are in a state requiring considerable over- 
haul, and the present period is opportune for this work 
to be carried out. 

One of the most important items is the question of 
alignment of the crankshaft, and I propose to refer to 
a simple and reliable method of detecting “out of align- 
ment.” The alignment of an engine is a most impor- 
tant factor. If the parts are aligned in a satisfactory 
manner there will be greater smoothness of working, 
less wear and tear and less tendency to break down 
at critical periods. It is not essential that an engine 
bedplate should be absolutely dead level, as would be 
indicated by a spirit level, but that when an engine 
bedplate is laid down its shaft should be lying in its 
bearings parallel with the top machined surface of the 
bedplate, and the shaft journals should be lying evenly 
and concentrically in the whole of the bearings in 
which they will work. From the top of the bedplate 
the whole of the superstructure and other portions of 
the engine will be erected. In the case of a vertical 
engine, these parts should. stand correctly at right 
angles to the top of the bedplate, and therefore to the 
axis of the shaft. The crankshaft, formed with large 
intermittent gaps, produces a comparatively weak 
structure, which is liable to spring under ordinary 
handling; therefore great care must be exercised when 
bedding in a shaft to be sure that it is not strained in 
any way. Before proceeding to bed in a crankshaft 
precautions should be taken to observe that the bear- 
ing shells are bedded accurately, and without spring 
or slackness into the bedplate housings. The shaft 
should then be tried in its bearings and tested for 
concentricity and roundness of its journals. Neglect 
of this point is certain to produce unsatisfactory re- 
sults. If the journals of the shaft are not concentric 
with each other or are out of round they should be filed 
and lapped or re-machined. The former course is the 
one usually adopted. When these parts are fitted the 
shaft should then be bedded i» its bearings, the bear- 
ings closed down to their normal running clearance and 
the caps screwed hard home. This may be accepted 
as the usual procedure for bedding in a crankshaft. 

But the question arises how to determine when it is 
necessary that this work shall be carried out. We will 
assume that an engine has been at work for some time, 
and that the engine user is contemplating an overhaul 
or refit. The chief consideration is time, and naturally 
he wishes to determine beforehand the amount of work 
that has to be carried out. The most important 
points to consider with the crankshaft are: (a) Is it 
being properly supported in its bearings? (b) Are the 
bearings in a satisfactory condition? (c)Are all the 
bearings, including the outboard bearing or bearings, 
in alignment with each other? 

These important and difficult questions have not 
hitherto been easy to answer and decide. 

The first indication that a shaft is being imperfectly 
supported in its bearings is excessive end play on: the 
shaft with the flywheel running out of true. In most 
Diesel engine crankshafts the end movement of the 
shaft is limited by certain thrust collars, and it has 
been noticed that the end movement has often been 
seriously in excess of the actual mechanical clearance 
allowed. This excess led me to form the opinion that 
the excessive end movement was produced by the 


Kudzu and corn planted in rows five feet apart, showing appearance of the 
stand in July of the first year. 


springing of the crankshaft for want of support, and 
that actually the shaft was being extended and con- 
tracted in length by the opening and closing of the gap 
between the crank webs. The difficulty was how to 
measure this distortion with the engine parts all 
erected, to decide the amount of want of support, and 
where the measurement should take place. The next 
step was to investigate whether the amount could be 
measured with the engine at rest and the whole of 
the reciprocating parts in position. It was decided to 
measure the distance between the crank webs when 
the crank pin was on the top centre and when the 
crank pin was on the bottom centre. It was found 
that a few thousandths difference in the dimensions 
between the crank webs when the crank pin was on 
the top and bottom centre indicated that the shaft was 
out of line. This method was especially valuable in 
checking the alignment of outboard bearings. It was 
proved that, if a shaft was not being supported at a 
particular point, by placing the crank pin of that par- 
ticular line of parts adjacent to the unsupported bear- 
ings at (a) the top centre and measuring between the 
crank webs at a predetermined point, and then (b) 
placing the crank pin on the bottom centre and meas- 
uring as before, a distinct difference was noticed. If 
the bearing was low the crank webs would close in 
when the pin was on the bottom centre, and open out 
when the pin was on the top centre. If an outerboard 
was low the reverse was the case, the weight of fly- 
wheel causing the crank webs to open when the erank 
pin was on the bottom centre and close in when crank 
pin was on top centre. It can thus readily be deter- 
mined which bearing or bearings are low, and the 
higher bearings can then be scraped down to suit. 
This simple method can be applied by any one, and 
does not require any special skill or training. 

The instrument first used for these tests was an 
inside micrometer, having telescopic rods so _ that 
variable lengths could be dealt with. This instrument 
required very skillful handling, and a device was pro- 
duced which could be used by any one, and would regis- 
ter correctly the amount of difference in the dimen- 
sions taken between the respective crank webs. 


A Method of Determining Wind Velocity and 
Direction in the Upper Air by Sound 


THE usual method of determining wind velocity and 
direction in the upper air is by observations, with 
theodolites, of small rubber balloons filled with hydro- 
gen, and rising at a known rate. This method fails on 
the numerous occasions when low cloud or fog inter- 
feres with good visibility of the balloon. The method 
described by Bourgeois consists in the registration by 
suitable apparatus of the direction of the sounds pro- 
duced by a series of explosions of “crackers” carried 
by a balloon filled with hydrogen. The method thus 
substitutes sound registration for direct optical obser- 
vation of the position of the balloon. The balloons used 
are just over 1 m. in diam., and the total weight of 
the “crackers” required for one ascent is about 200 
gm. Yet the explosions can be heard and recorded up 
to distances of 15 km., in spite of winds of velocity 
greater than 10 m. per sec.—Science Abstracts. 
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The Texture of Sands’ 


Interrelation of Chemical and Mechanical Constituents 


ALTHOUGH chemical analyses of sands have fre- 
quently been made for industrial purposes, and mineral 
analyses are now a feature of geological investigations 
into the petrology of sediments, comparatively little 
attention has been paid to the mechanical composition. 
This is particularly the case in the matter of the inter- 
relation of the mechanical composition with either the 
chemical or mineral constitution. 

The connection between the mineral and chemical 
compositions of sediments is clear, the minerals repre- 
senting the particular manner of grouping of the 
chemical elements. The relation of the mechanical 
composition to either the chemical or mineral con- 
stitution opens up a big field for future work, equally 
of considerable geological interest and immediate in- 
dustrial application. 

Sediments be graded, according as they are 
coarse or fine, by screening or by elutriation in cur- 
rents of air or water. The latter method has almost 
entirely replaced the older and less scientific one of 
subsidence. If screening is to retain any pretensions 
to accuracy, it cannot be carried out with sieves of less 
than 0.25 mm. aperture. On the other hand, elutria- 
tion of material more than 0.4 mm. in diameter is 
difficult to control on account of the eddies set up by 
the high velocities of the water-currents (47 mm. or 
more per second). In the mechanical analyses of sedi- 
ments the two methods of procedure may be success- 
fully combined, material more than 0.25 mm. in diam- 
eter being sifted, and that 0.25 mm. in diameter or less 
being separated into grades by elutriation in water. 
(While elutriation by air-currents has been adopted 
commercially for grading the products of fine grinding, 
such as cement, silica-flour, barytes, etc., it cannot be 
considered sufficiently accurate for scientific work.) 

It is regrettable that no general agreement exists as 
to the grades into which sediments should be sepa- 
rated. Soil analysts have adopted a series which, for 
certain cogent reasons, has not commended itself to 
those geologists who have worked at the problem. 
Another and different set of grades has been adopted 
by the potters in the separation of clays. The fact 
that comparatively few tables of mechanical analyses 
have yet been published is the strongest possible argu- 
ment for agreement without delay upon a definite set 
of grades. 

Such a division of sediments into grades is neces- 
sarily artificial. Nevertheless, the grades adopted by 
the geologists have as their basis the natural charac- 
teristics of the material so-named as observed “in the 
field.” The grading system frequently adopted is :— 
>2 mm. diameter, gravel (G); >1 mm. and <2 mm., 
very coarse sand (VCS); >0.5 mm. and <1 mm., 
coarse sand (CS); >0.25 mm. and <0.5 mm., 
medium sand (MS); >0.1 mm. and <0.25 mm., fine 
sand (FS); >0.05 mm. and <0.1 mm., coarse silt 
or superfine sand (cs); >0.01 mm. and <0.05 mm., 
fine silt (fs); and <0.01 mm. diameter, clay or mud 
(c). It is a matter of controversy as to how far 
material of diameter less than 0.01 mm. may be accu- 
rately separated. Both elutriation and subsidence 
methods of separation can be arranged, but the test- 
ing of the accuracy of the process by actual measure- 
ment presents difficulties. A separation has, how- 
ever, frequently been effected by subsidence methods 
supposedly accurate at the point 0.005 mm. diameter. 

The grade sizes chosen are not of such great 
moment if graphical representation of the sediments 
by means of curves is adopted. For example, in 
Figure 1, the method of plotting cumulative percentage 
weights against grade size is utilized. To keep the 
diagram within reasonable compass, the grade sizes 
are plotted horizontally at distances proportional to 
their logarithms. The ordinates at the grade size 
represent for each curve the percentage weight of 
material greater than that grade size. It is obvious 
that if a particular sediment be subjected to mechani- 
cal analysis upon a basis of grade sizes different from 
the above, the results should yield the same curve. 

In the strict geological sense, the expression “sand” 
is a grade term, and is limited to material ranging 
from not less than 0.05 mm. to not more than 2 mm. 
in diameter. A perfectly graded sand would be one 
consisting of grains each with the same mean di- 
ameter. Such a sand has never been found naturally, 
but the ideal is closely approached by certain dune- 
sands which have been exposed to the transporting 
action of winds and water so frequently that grains 
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smaller or greater than the average have been respec- 
tively carried ahead or left behind. 

The term “sand” in the commercial sense, how- 
ever, is used for sedimentary material of varying 
grades (as, for example, moulding sands), or even 
for the unclassified products resulting from the crush- 
ing of hard siliceous rocks, etc. 
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Fig. 1—Graphic presentation of the mechanical 
composition of five sands 


The texture of sands used in the casting of metals 
and alloys (particularly, perhaps, of steel, where the 
conditions are the most exacting) is of considerable in- 
dustrial importance, as well as of scientific interest. 
When samples of the sands which have proved most 
successful for steel moulding are subjected to mechan- 
ical analysis, it is found that each consists of a high 
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Fig. 2—“Cornish red” sand for steel moulding: graphi- 
cal representation of variation of chemical composition 
with grade. The large crosses + indicate the 
chemical composition of a “bulk” sample 
before elutriation 


percentage by weight of the sand grade, a relatively 
large proportion of the clay grade, but little or no silt 
or superfine sand grade. Graphically expressed, the 
mechanical composition of such sands, of which “Bel- 
gian yellow” and “Cornish red” are apposite examples, 
is shown in Fig. 1. The sand grade consists preferably 
of coarse or medium sand, the Belgian material being 
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Fig. 3—“French red” sand for steel moulding: graphi- 
cal representation of variation of chemical composition 
with grade. The large crosses + indicate the 
chemical composition of a ‘‘bulk” sample 
beiore elutriation 


therein more suitable than that from Cornwall (St. 
Erth). Verticality of the graph over the region of the 
sand grade marks the preponderance of this grade, and 
horizontality over the region of the fine sand and silt 
grades indicates the relatively subsidiary character of 
the latter. This peculiarity in grading of moulding 
sands may be interpreted in the light of their behavior 


in the foundry. A maximum pore-space would be 
yielded by a rounded sand uniform in grade. The 
presence of coarse, rounded grains in the sand men- 
tioned above, therefore, permits the escape of the gases 
and vapors produced when the hot metal enters the 
mould. In short, the mould is said to be well “vented.” 
If silt and fine sand were present in any considerable 
quantity, this natural venting would be gravely im- 
paired. The clay grade is required to act as the “bond” 
uniting the sand grades together. Both the Cornish 
and Belgian sands mentioned have a strong bond— 
that is, contain a relatively high proportion of true 
clayey material (14 to 20 per cent.). The ideal con- 
dition in which the clayey bond exercises a maximum 
effect is that of a pellicle, as thin as possible, com- 
pletely enveloping each quartz grain. 

In contradistinction to such peculiarly graded sands 
(for they are abnormal geologically, and hence are of 
restricted occurrence) are the well-graded materials 
desirable for glass manufacture. A sand such as that 
from near King’s Lynn (Fig. 1), which contains a hich 
percentage of grains belonging to the medium sand 
grade and practically no silt or clay, passes freely and 
evenly into melt, thereby assisting to produce a homo- 
geneous glass as rapidly as possible. 

The inter-relation of chemical and mechanical con- 
stitution is well brought out in moulding sands of 
good quality like those from St. Erth, Cornwall, and 
Fontenay aux Roses, near Paris (Figs. 2 and 3). Not 
only must the sand be composed of suitable grades; 
it must also be highly refractory to heat, and capable, 
for example, of withstanding the effects of molten 
steel run from converters and electric furnaces. 
(“Open-hearth” steel is not so exacting upon the sand.) 
The refractoriness to heat is indicated by the fact that 
chemical analysis of the coarse, medium, or fine sand 
grades shows them to be high silica sands containing 
only small proportions of alkilis and alkaline earths. 

The variation of chemical composition with grade 
is expressed graphically in Figs. 2 and 3, where the 
high silica eontent of the sand grades is evident. 
Analysis of the clay grade shows that its composition 
closely resembles that of many first-class British fire- 
clays, which are also very refractory. In addition, the 
diagram illustrates the presence of a relatively high 
percentage of hydrated ferric oxide; this compound 
is probably present in a colloidal form, and is respon- 
sible for much of the wonderful strength of the bond 
of the moulding sand. 

The widespread American practice, now of many 
years’ standing, of milling together a naturally oc- 
curring siliceous sand with a good fireclay and a cer- 
tain amount of an artificial bond, such as dextrin. 
flour, molasses, etc., is in this connection very signif- 
icant. It yields an indication of the manner in 
which the absence of the remarkable naturally bonded 
sands of Western Europe has been compensated by 
the production of an artificial mixture of somewhat 
similar chemical and mechanical constitution, the re- 
semblance having unwittingly been evolved. 

Similarly, the study of the variation with grade 
in the mineral constitution of a sand presents resuits 
of great interest. The detrital minerals occurring in 
each grade vary in proportion, species, and physical 
characters. Generally speaking, the percentage weight 
of the heavy detrital minerals in any grade varies 
inversely with the grade size. 


The Dynamical Theory of Electric Engines 

L. B. Atxrnson, in the Tenth Kelvin Lecture, first 
discusses the theory of the action of electric engines 
converting electric energy into mechanical work i. e. 
electric motors. Formule are found for the efficiency 
of the ideal engine in every case and the superior limit 
to this efficiency is pointed out. Cycle diagrams are 
constructed which show the analogy with the theory of 
the perfect heat-engine. All the possible primary types 
of electric engine are enumerated. Electric generators, 
that is, the engines which convert mechanical work 
into electrical energy, are next discussed. The theory 
of the electrostatic generator is explained and the 
possible future developments are indicated. Finally, 
combined generator and motor cycles are considered by 
the principle of the conservation of energy, first clearly 
enunciated by Kelvin. The author lays stress on the 
importance of these considerations to the designer. 

The mathematical formule are worked out more fully 
in the Appendices.—Sci. Abstr. 
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Airplane Wing Design’ 


Various Theories of Fluid Motions Around a Wing Plane 


THERE are several subjects which seem so interesting 
in connection with a study of the action of wings upon 
the air that the writer has thought it valuable to the 
Society to place them on record, in brief outline and in 
such a way as to provide a starting point for discussion 
and the addition of any data which members of the 
Society may wish to contribute. These subjects which 
pave reference to the theory of fluid motions around 
the wings of airplanes are as follows: 

(a) The vortex theory of lift, which states that 
the air which passes the wing of an airplane, or the 
blade of a propeller, contains a component of circula- 
tion around that wing or blade, in such a direction 
that there is comparatively high velocity and low 
pressure on the upper surface of a wing; and a com- 
paratively low velocity and high pressure on the under 
surface. 

(>) A theory which states that an imperfect fluid 
will act like a perfect one momentarily; from which 
it may be inferred that the circulation around a wing 
cannot exist at the first moment or beginning of its 
motion of advance but must develop at some time 
after the first beginning of the motion, since there is 
no circulation in the beginning. 

(c) The vortex theory of shape, which treats of a 
slid body in motion as being somewhat similar to the 
core or kernel of a group of vortices. 

(d) The hydrodynamic- electromagnetic analogy, 
which states that distributions of fluid motion are very 
similar to distributions of magnetic flux; so that one 
may calculate the fluid motion around a supposed vor- 
tex or group of vortices mechanically, by arranging 
dectric currents or groups of currents in a manner 
analogous to the supposed vortices, and measuring the 
magnetic forces which result. 

(e) The laws of vortex motion with reference to 
the action of vortices on each other, by which it seems 
possible to estimate the circulation or strength of the 
trailing vortex loop which is generated by a wing in 
flight. 

(f) The laws of the actions of vortices with refer- 
ence to their images in solid surfaces combined with 
the laws, so far as known, concerning the generation 
of eddies and vortices by friction, especially near sharp 
edges. 

(9) The concept of a local direction of the wind 
as due to the effect of all vortices existing in the neigh- 
borhood of a wing—such as its own trailing vortices 
and the influence of neighboring circulations. 

(hk) Laws concerning the energy contained in vari- 
ous distributions of vortex motion by which one may 
estimate favorable arrangements of the trailing vortex 
systems in terms of the load carried by various parts 
of the wing span, and from which the drag might he 
estimated. 

(i) Coefficients of friction and head resistance rep- 
resenting losses of energy which can be added to the 
losses attributed to the energy of the trailing vortices. 

(j) Experience concerning the explosion of eddies 
and vortices and the causes and effects of such dis- 
turbances. 

It is the writer’s belief that there are engineers, 
mathematicians and experimenters in the Society who 
can give illuminating and interesting statements con- 
cerning the subjects mentioned; and that a group of 
such statements assembled in the form of a discussion 
would constitute almost a complete and classical 
theory of the action of wings in steady flight. This 
Paper, therefore, outlines in a preliminary way the 
bearing of these various theories and indicates their 
approximate exactitude. 


(@) THE VORTEX THEORY OF LIFT 


It is not difficult to believe that a component of 
circulation exists around a wing in flight. If it is 
granted that the wing carries any load at all, as wings 
evidently do, there is certainly a differenence of air 
pressure between the lower and the upper surface. 
Consequently there are accelerations in the neighbor- 
ing fluid form the under surface around in various cir- 
cuits to the top surface; corresponding to the fall in 
Pressure from one surface 5 the other. The quiet or 
still air into which »-ing advances, experiencing these 
accelerations, m™. accumulate an upward velocity in 
front of the w'ug, and disturbances of a similar nature 
evidently mist occur not only in front of the wing 
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By Walter C. Durfee 


but also to the right hand and to the left hand. 
Since an upward motion in one region involves a 
downward motion in another, there must be a down- 
ward motion somewhere. Actually there is a sort of 
circulation up in front and down behind; and conse- 
A 
Fig. 1—Illustrating the theory of 
initial motion around wings 
quently to the rear above and in a forward direction 
below. 

In practice such motions can sometimes be seen in 
the form of little jerks or jumps of a fluid in the neigh- 
borhood of a model wing passing through it. It is not 
difficult to believe that this disturbance around a wing 
is rather similar in arrangement to the distribution 
of velocity around a vortex or group of vortices—their 
axes parallel to the span of the wing, and perpendic- 
ular to the direction of advance. The intensity of 
motion is very likely greatest near the seat of the 
disturbance. 

According to mathematical theory the lifting force 
would be in proportion to the strength of the vortex 
and to its rate of advance, just as the lifting force on 
a wire in the armature of an electric motor is in pro- 
portion to the strength of the current and to the inten- 
sity of the magnetic flux from the pole pieces. A for- 
mula is given in the Encyclopedia Britannica for the 
theoretical action of a vortex which surrounds a cir- 
cular rod which is projected sideways. A force de- 
velopes perpendicular to the axis of the rod and vortex 
and at right angles to the motion of advance. This is 
very similar to the lift of a wing in flight. 

Practical examples, however, suitable for mathe- 

cc’ Axis of Trailing Vortices AA’ 


Anis of Trailing Vortices. Axis of 
at Start. 


Fig. 2.—Further illustration of theory of initial motion 
around wings 


matical analysis seem to be very rare, nevertheless the 


writer found one case which seemed to be reasonably 
free from objectionable complications. This was a 
wing tested by hiffel (Eiffel No. 8, at 9 deg. center 
section). From the measured pressures in this case 
the probable approximate velocities of the air near the 
wing surface were estimated, using Bernoulli's the- 
orem. From these velocities a calculation was made 
of the circulation around the wing, which is the line 
integral of the tangential component of the velocity 
vector in a circuit around the wing. The result agrees 
with the theoretical formula for lift, or L — p Vmil, 
in which L — force perpendicular to advance; p = 
density of air; V — velocity of advance; m = circu- 
lation of the vortex; and | — length taken along Vor- 
tex axis. It would be interesting to have more meas- 
urements of the circulation around wings. 
(0) THEORY OF INITIAL MOTION AROUND WINGS 

It is very evident that no circulation exists around 

a wing when it is standing still in quiet air on the 


“ : 
* 


Fig. 3—Illustrating hydrodynamic-electromagnetic 
theory 


ground. Mathematical theory further declares that 
circulation cannot be expected to develop immediately 
at the beginning of the advance. In the first instant 
of motion conditions are supposed to be very much as 
they would be in a perfect fluid. The amount of circu- 
lation if zero at the start would be zero immediately 
afterward. For example, imagine, for simplicity's 
sake, an inclined plane moving from the position AA’ 
to BB’ in Fig. 1, starting suddenly from rest. The 
volume equivalent to the space AA’—BB’ can be ex- 


pected to be displaced and to go around the edges in 
such a manner that there is no net circulation around 
the section. Very soon after this beginning of motion 
however, in the case of a real wing suddenly started 
in a real fluid, a very violent eddy or vortex is left 
behind at A’B’. When the wing has advanced to a 
further position CC’ the conditions are as sketched 
in perspective in Fig. 2. There is a vortex loop 
stretching rearward from near the wing tips and joined 
together by the eddy generated at the starting point. 
(c) VORTEX THEORY OF SHAPE 
Suppose that the axes of a number of equal-sized 
vortices are arranged as the circles in Fig. 3. Then the 
direction of motion in the fluid due to their combined 
action is almost exactly’ in the directions indicated by 
the full-line arrows. Suppose that a certain motion of 
translations is added to this particular arrangement 
of vortex motion. Then the resultant velocity of total 
result may be in the directions indicated by the dotted 
arrows. This particular kind of fluid motion corres- 
ponds to a certain velocity of motion added to a cer- 
tain arrangement of vortices. 
Now it is a fact that the shape of the curved line of 
circles shown in the diagram is, as nearly as may be 
judged, the effective shape of a cross-section of a cer- 
tain real wing (Eiffel No. 8 at 9 deg.), deducting an 
allowance for the thickness of the section. Also it is 
a fact that the spacing of the circles indicates the 
actual distribution of lifting force experienced by that 
wing between the front and rear of the wing section. 
Also the component of horizontal velocity added to 
produce the dotted arrows is the velocity used in the 
published tasts of this real wing, and the vortex 
strength used in preparing the diagram agrees with 
the vortex theory of lift and the estimated circulation 
around the wing mentioned. Altogether, it is evident 
from these figures that there is a close connection be- 
tween the factors of lift, distribution of lift, strength 
of circulation and distribution of fluid motion and 
shape. 


(d) WHYDRODYNAMCIC-ELECTROMAGNETIC ANALOGY 


Diagrams like Fig. 3 are easily obtained, not by 
mathematical calculation, but by arrangements of elec- 
tric currents and magnetic fields representing vortices 
and velocities, choosing any desired amount of flux 
to represent a standard velocity. 
(e) ACTION OF VORTICES WITH REFERENCE TO EACH OTHER 

The Encyclopedia Britannica gives formule for the 
action of groups of parallel columnar vortices upon 
each other, in terms of the strength of these vortices 
and their distance apart. It is interesting to estimate 
the strength of the trailing vortices from a biplane by 
observing their actions on each other. The pairs from 
the right-hand wing tips are of one kind or direction 
and revolve around each other in approximate circles. 
Those from the left-hand tips also revolve around each 
other, but in the reverse direction from the first-men- 
tioned pair. Very careful experiment would be re- 
quired to detect any error in the vortex theory of 
flight in terms of the action of these pairs of trailing 
vortices. 


(f) ACTION ON VORTICES WITH REFERENCE TO THEIR 
IMAGES 


Many peculiarities of fluid motion are roughly ex- 
plainable in terms of the action of eddies as if under 
the influence of their images in solid surfaces. For 
example, there is a remarkable difference in the cir- 
cumstances surrounding the eddies formed at B and 
B’ in Fig. 1 on the upper surface of the plane. The 
one at the rear B’ should tend to pass off if considered 
as under the influence of its image. Conversely, the 
one at A should tend to remain with the plane. 


(g) INFLUENCE OF THE LOCAL WIND 

Vortices, although regarded as having their axes in 
some particular location, are usually considered as 
having an influence through the fluid in which they 
exist, just as the magnetic effect of a direct current 
is considered as having an effect at remote distances. 
It is interesting to calculate the effect of this influence 
on a wing of short span. Such a wing in horizontal 
flight does not act as if encountering a horizontal on- 
(Continued on page 371) 


™ Almost exactly,” because the diagram, contains an almost 
imperceptible allowance for the termination of the sustaining 
vortices within the length of the wing span and for the in- 
fluence of their rearward extensions as trailing vortices. 
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Sorting and packing resistance units for transport or storage 
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Removing resistance-coil castings from the molds (compare frontispiece) 


Iron and Steel Manufacture in Japan 


The Japanese as Creators and as Imitators 


Tue Japanese have shown a wonderful capacity for 
the assimilation of the developments of modern West- 
ern civilization. This fact is so precisely and unassail- 
ably true that in our recognition of it we may lose 
sight of the internal progress of Japan in respeet to 
the industrial and the fine arts. The Japanese have a 
material civilization which they themselves developed ; 
and, while they may perhaps recognize the general 
superiority of that which we may conveniently call 
Western, still there is an intrinsic value to much of 
the old. Moreover, the older work, in so far as ex- 
amples of it have survived, constitutes an important 
source of the history of the people. They can not very 
well be understood apart from a knowledge of their 
eapacity to originate and develop. If one considers 
simply the more salient features of Japanese history 
from the time of Commodore Perry—that is, from the 
middle of the Nineteenth Century—he is apt to get 
the idea that these people are wonderful as imitators 
of the West, but have little creative ability. 

The Japanese have had artistic conception of a high 
order and a corresponding techinque adequate to exe- 
cute the visions of the mind ever since the middle of 
the Sixth Century. Perhaps they had something of 
the kind at a still earlier period. For the period men- 
tioned there are still extant examples of carvings in 
wood and metal that astonish students in respect to 
the thought involved and 
the workmanship  dis- 


By J. F. Springer 


nothing more than simple justice to recognize what- 
ever examples of present-day originality come to light 
not as the sum total of the nation’s ability, but as indi- 
cations or examples of what could be done were the 
leading industrial minds freed from the necessity of ac- 
cepting and adapting a great mass of Western achieve- 
ment. For example, before we can very well expect the 
Japanese to do themselves full justice in the invention 
of power-driven metal-cutting tools, they must first 
develop metal manufacture in the modern sense 
throughout their land. When a million or so Japanese 
workmen and superintendents and designers have 
learned, adapted, installed and become versed in oper- 
ating what the United States, England and France have 
accomplished in inventing and perfecting such tools, 
then there will be opportunity for the mechanical minds 
of Japan to conceive and work out new inventions on 
a scale comparable with leading Western nations. 

Just now, Japan is too much occupied in catching up 
with the West to have much opportunity to do anything 
else. What does come from that country must be 
looked upon as representative of what she may be ex- 
pected to do on a large scale when she is fully abreast 
industrially with Western peoples. The older achieve 
ments may be regarded as also representative of the 
native ability to conceive and execute. No doubt, a 
good deal of the older work was executed at a fright- 


ful outlay of time. But this remark would probably 
apply to much that the Western nations were doing 
in times not so very far distant in the past. One 
awake as to the way in which time affects cost ani 
cost affects extension of use, the Japanese may hk 
expected to direct their creative ability into really 
practical lines. The thing to make sure of is that 
they do actually possess this creative ability. 

In view of what has now been set forth, more than 
individual interest will perhaps attach itself to pre 
modern examples of the progress made by the Japanese 
in the working of iron. Two of the illustrations refer 
to a wonderful raven. This is an example of ironwork 
executed probably in the neighborhood of 1700. This 
artistic work is an okimono; that is, an ornament t 
be set in the ceremonial niche belonging to a room 
in a Japanese house. It is about 18 inches in length 
Because of this considerable size, the raven, it is sup 
posed, was probably originally made with a view of 
installation in some great house or palace. Iron is not 
a material that lends itself very well to plastic work; 
and yet this raven is considered a very fine represer 
tation of the living bird. It is now one of the treasure 
of the New York Metropolitan Museum of Art; but, 
prior to its acquisition by this institution, it constitute 
the principal piece of a well-known Parisian collector's 
assemblage of examples of Japanese ironwork. Dr. 

; Eduard Méme, the collecto 
in question, acquired 


played. The incentives to 
the development which 
may be traced back to the 
aforesaid middle of the 
Sixth Century are doubt- 
less to be found in such 
large demands as_ those 
made by the erection of 
idol temples and the pros- 
ecution of wars local to 
the islands. The temples 
required decorations and 
idols; the wars called for 
armor. Naturally, these 
particular demands have 
by now sunk to zero or to 
a comparatively low point. 
Present incentives are 
more or less determined by 
the desire to secure and 
maintain a place with Wes- 
tern nations. 

This may tend for some 
time to come to repress 
their own originality. 
There is so much to ab- 
sorb that a large part of 
the native vitality must 


work a considerable nu 
ber of years ago. It has 
been on exhibition at 
Museums Guimet and Cer 
nuschi. There is a signa 
ture, in Chinese characte 
underneath the tail. 
name thus given is Myo 
chin Shikibu Kino Mut 
suké, “This Myochin 
evidently the Munesuk 
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the Eighteenth Century: 
The exact period is 164 
1724. This artist or artist 
artisan was distinguishe 
for his work in repoussé 
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be occvpied in effecting the 
absorption. It is perhaps 


Scene in a Japanese foundry, melting the iron in small crucibles 


guished famil) for he w 
the official re, resentat 


308 229 | December 20, D 
ra 
hi 
ex 
hi 
re 
on 
fo 
us 
Ar 
cle 
th 
fa 
: ki 
se’ 
Ja 
: fo 
th 
to 
fa 
te 
ne 
ity 
tic 
ar 
ch 
re 
of 
st 
I ar 
H 
al 
al 
se 
re 
C 
e! 
4 
t 


1 probably 
vere doing 
ast. Onc 
3 cost and 
e may hk 
nto really 
of is that 


more than 
if to pre 
> Japanese 
tions refer 
ironwork 
700. This 
nament to 
Oo a room 
in length 
it is sup 
a view of 
ron is not 
stic work; 
represen 
» treasures 
Art; but, 
onstituted 
collector's 
rork. Dr. 
e collector 
juired 
able nu 
It has 
on at 
t and Cer 
a sign 
haracte 
tail. 
1 is Myo 
no Mun 
yochin 
Munesuk 
Tokyo, ¢ 
y years ¢ 
Century. 
1 is 164 
or artist 
‘inguishe 
repoussé 
prepa 
embosse 
rms fo 
hogunate 
plastro 
irds wit 
in relié 
deed, 
recog 
ofa d 
or he v 
»sentat 


December 20, 1919 


SCIENTIFIC AMERICAN SUPPLEMENT No. 2291 369 


of the twenty-second in descent from the first Myochin 
Munesuké, the great artist-armorer of the Twelfth Cen- 
tury. The second Munesuké, it appears, was a versa- 
tile genius; he is said to have wearied of preparing 
armor for a court which was always at peace, and he 
was constantly tempted by tasks which lay beyond his 
field. So he amused himself and startled his distin- 
guished patrons by exhibiting objects which had never 
before been produced in iron. From huge eagles to 
minute fire-flies he forged ornaments of all sizes and 
forms. What his fellow-artists would model in wax, 
for bronze-founding, he modeled at once in armor-steel, 
and he is reproached with having forged princely armor 
with less skill than he made toys.” I have been quoting 
from Mr. Bashford Dean. 

Much of the work bearing the name Munesuké is 
thought to be probably forgery—‘“but the present object 
is apparently the exceptional one.” It is an example 
of steel repoussé and is said to be equal to the best 
produced at its period. The raven is admired for its 
life-likeness of form and posture. The groovings by 
which the feather effect is produced are very successful 
in their results. The work is seen as a feathered raven. 
“When the collection Méne was exhibited at the Hotel 
Drouot it was interesting to stand near the case of the 
raven and study the effect he made upon his visitors. 
They would come up, one afer another, and glance at 
him in the hurried way of auction-hunters; then their 
expression of haste faded away and they would examine 
him quietly, sometimes circling about till they came to 
rest at the right point of 
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Drafting room of Tokyo Street Car Engineering Dept. 


accomplished—they will see that those nations which 
possess coal and iron and understand the metallurgy 
of the metal and the advanced methods of manufacture 
are precisely the nations which stand at the forefront 
of civilization and are the wealthiest of all the peoples 
of the earth. Japanese traveling through middle and 
western Europe and the United States can hardly fail 
to see the part played by iron and steel—that the whole 
fabric of modern material welfare is dependent upon 
the great metal and the great alloy. Naturally, it will 
take time for all this to penetrate the mass of the peo- 
ple. The penetration has, however, already begun; so 


a similar engine; but when they learned the cost, their 
hearts failed them. All this constitutes, however, an 
extreme example. Other manufactured products based 
on iron are really coming into use. 

One can get a glimpse of the way the methods and 
processes of the Western world enter Japan by con- 
sidering with Hi Sibley the case of S. Ikegat. About 
1890, this man was a small builder of marine engines. 
The demand increased so that he was every now and 
then compelled to extend his business. This would 
naturally involve the purchase of machine tools from 
England, America or elsewhere. The expense for the 
imported machines was such that eventually M. Ukegat 
concluded he would see what he could do in the way 
of building a metal turning lathe. The first machine 
Was necessarily a rather crude affair; but improve- 
ments followed as more machines were built. Orders 
for lathes came from the outside and the business 
grew. In 1917, this man was the president of the 
Ikegai Iron Works, Ltd., with a capitalization of about 
$1,000,000. The yearly output of lathes and other 
devices was about $1,000,000. The company operates 
two distinct plants. The larger one turns out machine 
tools only; the other is engaged in producing marine 
engines. 

The machine tool works, exclusive of the foundry, 
has a floor space of some 40,000 square feet. Light 
and heavy lathes, drill presses, boring machines, gear 
hobbers, milling machines, turning mills, planers, 
shapers, ete., are being manufactured. Naturally, this 
works became of importance 
during the Great War. One 


view. His, in fact, was the 
only case in the gallery be- 
fore which visitors would 
usually come to a full stop. 
And their remarks showed 
clearly that they appreciated 
the artist’s point of view. In 
fact, in an instance of this 
kind, the Parisian art-col- 
lector is singularly apt to 
seize the conception of the 
Japanese.” 

Pretty much all of the 
foregoing statements as to 
this particular work and as 
to the activties of the great 
family of the Munesuké 
tend to show that the Japa- 


order from the Russian Gov- 
ernment called for 800 lathes 
of American type—S8 feet by 
20 inches. The quality of 
machine tool turned out is 
helow American standard; 
the workmanship is inferior, 
and the machine is not so 
efficient. “But quality is 
only comparative, and so we 
say the Ikegai works de- 
serve great credit.” The 
number of engine lathes in 
the works was 170; of plan- 
ers, 15; of drilling machines, 
32; of grinders, 36; and so 
on. Aside from machines 


nese do possess creative abil- 
ity and the power of execu- 
tion. Munesuké the 2nd is 
an example of a man whose abilities refuse to be 
chained to his normal work. Souls like this, which 
reach out beyond the thing at hand, are of the stuff 
of which the great modern inventors are made. This in- 
stance of a Japanese living some six centuries ago is 
an indication that Japan possess inventor material. 
He is, perhaps, a better indication of this than the 
author of the raven. This latter Munesuké is an ex- 
ample of the man who sees what is presented to his 
senses so clearly and unmistakably that he is able to 
reproduce it in an unresponsive material like steel. 
Carried over into the field of invention, this analysis 
may not make of this Munesuké an inventor of the 
highest order. Still there is much very valuable inven- 
tion which proceeds first by recognizing clearly what is 
wanted and then marshals the resources of*the partic- 
ular industrial art to produce the thing desired. A 
great deal of invention consists in perceiving a want 
and then working to supply it. 

One of the illustrations shows an example of Japa- 
nese armor-making. This work is referred to about the 
same date as the raven. Naturally, in a piece of armor, 
the integrity and quality of the metal itself must be 
very high. Nothing less could very well be tolerated. 
The mechanical operations of forging it to the finished 
shape tend to test the quality. The suit of armor 
shown in the engraving belongs to the time of Japanese 
history known as the Tokugawa period (1603-1868), 
or more particularly to about the time of the reign of 
the shogun Tsunayoshi (1681-1708). 

The use of iron in some form reaches back doubtless 
to prehistoric times. Japan and Corea are both sup- 
posed to have produced iron at a very early period. At 
any rate, the preceding concrete examples show that, 
ir comparatively recent times, the Japanese have been 
sh lied workers in the production and forging of the 
great metal. In addition to defensive articles, such as 
he!mets. greaves, ete., these people became wonderfully 
skilled in producing the finest of tempers and the keen- 
est of edges upon swords. This argues for a consid- 


erable mastery of the possibilities of iron. 

The Japenese of the present day are becoming alive 
t» the importance of iron in modern Western civiliza- 
ton. Sooner or later--if the thing is not already 


Raven in embossed iron—an excellent example of Japanese metal work 


that a few years will doubtless show marvels. In 1917, 


Hi Sibley stated, there were twenty-one motor trucks 


in the entire Empire. Tokyo is a city of the size of 
Chicago, and yet its dependence, for local transporta- 
tion needs, is upon the little Japanese horse and the 


Japanese armor of 1600 A. D. 


Japanese coolie. It took four hours to get a “rush” 
package delivered from a store half a mile away from 
the destination. The one, solitary motor fire engine 
in the Japanese Empire was not possessed by Tokyo, 
but by Yokohama. The city authorities of Osaka, de 
siring to put their city on the ) t? ht of getting 


built by themselves, the 
equipment seems to be most- 
ly of American make. The 
Ikegai works is apparently more or less awake to the 
importance of using in its own plants equipment from 
nations that are veterans in the production of machine 
tools and the like; but this understanding of the ne- 
cessities is not universal among the interests controll- 
ing other plants. It is said that stockholders, not be- 
ing engineers themselves, have difficulty in understand- 
ing why foreign equipment should be purchased at 
double the price for which apparently the same arti- 
cles can be bought right in Japan. But this point will 
eventually be comprehended, and then Japan will be on 
the road to supply herself with home-made machine 
tools. 

What hinders progress now, and what will continue 
to hinder it for some time to come, are two things: 
(1) the dense ignorance of the average Japanese work- 
man, and (2) the low cost of labor. That motor trucks 
and the like are not more in demand, for example, will 
he better understood, perhaps, when it is realized thet 
the day wage of a Japanese coolie is 20 to 30 cents. 
So, goods for local transportation are largely loaded 
upon human backs and into man-drawn wagons and 
carts. Human legs transport the freight to its destina- 
ion. The coolie is so available and so cheap that the 
Japanese horse searcely holds his own in competition 
with him. Thus, in Tokyo, the generality of shops make 
delivery by human muscle. There are a few exceptions. 
The Mitsukoshi, the biggest and most modern depart 
ment store in this city, with its area of sixty square 
miles, employs a lot of light wagons drawn by horses. 
However, the bicycle, the motorcycle and the motor- 
eycle with side-car are in use to a certain extent. On 
the whole, however, the coolie reigns supreme. He 
earries some loads and draws others. In the latter 
case he may upon occasion be multiplied to a team. 
Boys of eight and ten draw big loads of light merchan- 
dise; their fathers, uncles and big brothers are draft 
animals for drawing uncut timber, heavy machinery, 
steam boilers, and the like. The street sprinkling of 
the great city of Tokyo is, except for the central part, 
done by one-man sprinkling carts. As to ignorance— 
“The great mass of coolies are so hopelessly ignorant 
that they do not know enough to ask more than their 

(Continued on page 376) 
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The Chlorination of Water’ 


Old and New Determination of the Dosage and Time Intervals 


Tue disinfection of waters by means of various forms 
of chlorine has been practiced in this country and abroad 
for many years. During this period a general theory 
of chlorination has grown up, particularly on this side 
of the water, which has had little or no scientific basis. 
The general hypothesis concerning the effects of chlor- 
ination, the proper dosage, and the nature of the 
chemical and biological reactions have been deduced 
from a few well-controlled experiments on waters of 
certain characteristics. The results of these experi- 
ments, however, have led to the universal adoption of 
chlorination for waters differing materially from those 
upon which earlier experimental data were made avail- 
able. When, therefore, a number of water supplies 
were treated with standardized doses of chlorine, or 
its compounds, failures in performance were soon re- 
corded. 

In the supervision and control of a single water 
supply, the problem of chlorination offers far less dif- 
ficulty than in the case of a group of water supplies, all 
of which have distinctive and disconcertingly variable 
qualities. The control of disinfection of a city water 
supply, supported by daily chemical and _ bacterio- 
logical examinations, may at least approach a scientific 
procedure, although surprisingly few cities even at 
this late date actually do more than a superficial dosing 
at a more or less constant rate. The supervision of 
chlorination becomes, however, a problem of major 
importance where a large series of supplies are to be 
treated under the direction of some central authority, 
like a State Department of Health. With 10 or 15 
water supplies—inadequately sampled, some in the 
raw state, some just after coagulation, some filtered, 
ranging through every degree of color and turbidity, 
now free from organic material and an hour later 
loaded with surface wash—what form of control should 
be adopted? Here a speedy, safe, easy method of 
antecedent control, rather than of subsequent failure, 
is essential. On this phase of chlorination, the pre- 
liminary routine control of widely different types of 
waters, scientific literature, with some few exceptions, 
is silent. 

In the state of Maryland, as in other states, experi- 
ence indicates that, in general, chlorination control has 
been inadequately studied. When we bear in mind 
that a number of supplies are under the supervision of 
laymen, it becomes clear that consistently good re 
sults in disinfection are hardly attainable without the 
use of some presumptive indicator of an efficient chlo- 


rine dose. Presumptive tests of chlorine efficiency have 
been discussed by various students of the problem; 
but their contributions, although suggestive, have been 
based upon such meager experimental evidence that 


they cannot yet be considered definitive. 
The present brief discussion is the result of a study, 


carried on during the past 18 months, of the applica- 
tion of chlorinators under variable conditions. The 
data here set forth are fragmentary. They are re- 


ported in order to invite attention to the extreme 
intricacy of the whole problem rather than as the basis 
of a formula designed to furnish the proper doses of 
chlorine and its allied compounds. It may be stated, 
however, that observation of the conditions in this 
state has served to point out a wide field for further 
intensive experimentation and, in this respect, the 
material here presented may be of some little value. 

The importance of the absorption of so-called 
“active chlorine” by different waters is somewhat ill- 
defined in its relation to disinfection or the elimina- 
tion of objectional bacterial life. Some experimenters 
assert that the amount of absorption discloses little 
concerning the destruction of bacteria, while others 
assume that the chlorine consumed in “oxidizing or- 
ganic matter and sometimes ferrous salts or sulfides 
will not effect sterilization." Since the latter assump- 
tion necessarily permits an increased factor of safety 
in the control of the chlorination, it is probably advan- 
tageous to use the hypothesis as a base until the col- 
lection of adequate data indicates what quantitative 
variations therefrom may be necessary. 

In order to study the significance of the absorption 
of chlorine by waters, it is of interest for scientific and 


*From Jour. Ind, and Eng. Chem. The data submitted are 
the results of a siudy of the question of chlorination control 
in Maryland, upon which the writers have been detailed under 
the general direction of Mr. R. B. Morse, Chief Engineer, 
Maryland State Department of Health. 

‘Dakin and Dunham, “Handbook of Antiseptics,” 1918, 
p. 106. 


By Abel Wolwan and Linn H. Enslew 


practical purposes to obtain some idea of the factors 
which influence or predetermine the losses of chlorine 
in different waters. Owing to the complexity of con- 
ditions under which the action of chlorination pro- 
ceeds, such data as the above and any conclusions per- 
taining thereto may be ascertaine] in only an empirical 
manner. A few apparently elementary features of 
chlorine absorption, therefore, are described briefly in 
order to establish at least some salient characteristics 
of the phenomenon of the disappearance of the active 
agency in chlorination. ‘ 

A few experiments were tried to determine the ve- 
locity of absorption of available chlorine by the same 
water during varying time intervals. The data were 
collected in order to compare with similar work re- 
ported by Race.* A comparison of these findings with 
the values reported by Race indicates that K, the ve- 
locity constant, in general, decreases with the time of 
contact. These values are in agreement with the con- 
elusions noted by Race. It should be pointed out, how- 
ever, that the value of K approaches a constant for 
different time intervals in those waters whose organic 
content is low. It appears, therefore, that the rate of 
chlorine absorption deviates from the ideal monomo- 
lecular law of chemical reaction in an increasing degree 
with waters of increased organic content. In other 
words, the monomolecular law with K constant is fairly 
well typified in those few waters which have only 
slight organic content. This is to be expected, since it 
is only in these latter waters that the compounds acted 
upon are probably of such simple chemical structure as 
to result in a constant reaction velocity. 

The use of color readings as a presumptive indicator 
of the amount of chlorine which would be absorbed by a 
water in a given period has been suggested as a con- 
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venient procedure for routine operation of disinfectant 
plants. To be of any value, such readings should be 
the result of a long series of correlated experimental 
observations. Such continuous series have not been 
developed, it is believed, for many individual water 
supplies, while still less has been done in the way of 
comparative readings on different water supplies. Data 
upon this question are now being collected in this de- 
partment. They are not reported in this paper on 
account of their insufficient number, but the evidence 
from the observations now available would seem to 
indicate that for the same water supply, changes in 
color are not necessarily concommitant with variations 
in chlorine absorption during a constant time interval, 
while for different water supplies the same conclusion 
ts indicated as far as interdependent chlorine absorp- 
tions are concerned. It would appear, from the evi- 
dence now at hand, that color readings in different 
water supplies cannot be adapted to the prediction of 
chlorine absorption readings, because of the absence of 
any adequate conversion factor. 

In order to study the variation of chlorine absorp- 
tion in a surface water within different ranges of tur- 
bidity, a series of 350 samples of the Potomac River 
water at Luke, Md., were examined during June and 
July, 1918. A study of the turbidity readings and the 
chlorine absorption tests indicates practically no cor- 
relation whatever between these two phenomena, al- 
though the turbidities ranged from 0 to 90 parts per 
million. The Potomac River water at the above sta- 
tion offers an interesting illustration of the necessity 
for guarding against unwarranted correlations between 
the physical property of a water and its biochemical 
conduct. In the case of the above water, the chlorine 

2“Some Aspects of Chlorination,” J. Am. Water Works 
Assoc., June 1916. 


absorption values (during five minutes) showed no 
increase whatever with increases of turbidity, but 
rather a slight decrease. That the absorption remained 
almost constant and even decreased, in a degree, with 
an apparent physical degradation of the water is prob- 
ably explained by the fact that the Potomac River at 
the point under discussion contains considerable oxidiz- 
able mine wastes. Sudden rainfalls create dilutions of 
these waters, but at the same time raise the turbidity 
readings on the river. It comes about, therefore, that 
the increased muddiness in the water is in reality accom- 
panied by a reduction in oxidizable material, without a 
consequent increase in chlorine absorption values. 
The situation is somewhat analogous to the reductions 
in alkalinity frequently observed with rises in turbidity. 
It is clear from the above situation that the direct 
variation of dosage with increase of turbidity would 
have been fallacious and contrary to the demand of 
the water. When the attempt is made to correlate 
turbidities of different waters with their corresponding 
chlorine absorptions, even less success is experienced. 
This situation is to be expected in different supplies, 
because of the variance in character and degree of 
watershed pollution. It may be postulated, as a pre- 
liminary conclusion, that turbidity readings are not a 
safe index of chlorine absorption for different water 
supplies, but may be adapted, with sufficient precau- 
tionary measures, to use for an individual supply. 
Even in the latter case, the conversion of turbidity to 
chlorine absorption is accomplished only after long 
studies of widely varying phases of the same supply. 

Inasmuch as the oxygen-consumed values of waters 
represent approximately the oxidizable compounds 
present in such supplies, it would seem that this chem- 
ical index should bear some relation to the complex 
action of chlorine absorption, of which some portion at 
least partakes of the nature of an oxidation. In order 
to study this phase of absorption, a series of widely 
varying waters, of surface and underground types and 
of different ranges of pollution, were examined during 
portions of 1917 and 1918. In all of these waters the 
oxygen-consumed and the chlorine-absorbed (5 min.) 
values were obtained. These readings are graphically 
shown on the chart, where the individual and average 
values have been plotted, in order to permit of the con- 
struction of an empirical curve. The data there shown 
apparently disclose a fairly close variation of chlorine 
absorption with the oxygen-consumed values of different 
supplies. This correlation, it should be emphasized, is 
independent of the source or nature of the water, since 
the 45 waters tabulated include those from raw surface 
streams, deep wells, and filtered supplies. 

The empirical curve indicates at once that the 
amount of chlorine absorbed in a definite time interval 
does not increase in direct proportion with the in- 
crease in pollution of the water (as measured by the 
oxygen-consumed test), but that the 5 minute rate of 
chlorine absorption shows a decreasing acceleration 
with increases in pollution. In other words, increases 
in oxygen-consumed values appear to result in relative 
decreases in the intervals between successive chlorine 
absorption values. This phenomenon is made clearer 
by refrence to the table, wherein are compared certain 
values obtained from the empirical curve shown in the 
chart. 


Chlorine Absorbed 

Interval Reading Interval 
0.5 0.117 ose 
1.0 0.5 0.211 0.094 
1.5 0.5 0.290 0.079 
2.0 0.5 0.350 0.060 
2.5 0.5 0.402 0.052 
3.0 0.5 0.449 0.047 
3.5 0.5 0.488 0.039 
4.0 0.5 0.520 0.032 
4.5 0.5 0.550 0.030 
5.0 0.5 0.577 0.027 
5.5 0.5 0.600 0.023 
6.0 0.5 0.620 0.020 
6.5 0.5 0.635 0.015 
7.0 0.5 0.652 0.017 


The apparent correlation discussed above has con- 
siderable practical importance aside from its use in 
the chlorination of water supplies. Its probable exis- 
tence may result in the development of an extremely 
rapid presumptive indicator of the quality of a water, 
namely, its chlorine absorption in a definite time inter- 
val. It has been found comparatively simple, in this 
laboratory, for instance, to differentiate between an 
underground supply of good quality and a compara- 
tively poor surface supply, simply by means of a chlo- 
rine absorption test made in 5 minutes. The informa- 
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tion gained would seem to be capable of wider applica- 
tion to the entire field of water treatment. As a rapid 
diagnosti¢ index of changes in quality of water sup- 
plies, the chlorine absorption test appears to offer a 
fruitful field for investigative effort. 

The practical effectiveness of any chlorine treatment 
is necessarily measured and conditioned by its ability 
to eliminate the significant bacterial life in the water. 
The preliminary determination of a dose which may 
be subsequently found to be effective has been the 
primary objective of past investigations in this field. 
In practically all of these methods of presumptive 
testing for effective dosage, chlorine absorption tests 
have played an important rdle. It is of interest, there- 
fore, at this point to review briefly several of the 
methods of chlorine control now in use and to discuss 
the principles underlying their application. 

American practice in the chlorination of water sup- 
plies has always been sharply differentiated from the 
foreign. In general, the foreign sanitarians have em- 
ployed chlorine doses appreciably higher than those in 
use on this continent. This policy has been the re- 
sultant of a conservative conception of the whole ques- 
tion of chlorination and has therefore left its impress 
upon the modern systems of chlorination control. A 
study of the various methods of presumptive tests for 
the effective doses discloses the common assumption, 
independently promulgated, that the chlorine absorp- 
tion in definite intervals bears some definite but appar- 
ently unknown relation to disinfection accomplishment. 
This definite relationship is, however, the subject of a 
wide difference of opinion among individual sanita- 
rians, with always the sharp demarcation between the 
foreign and domestic viewpoints. 

The principle underlying practically all of the chlo- 
rination control procedures is that of measuring the 
amount of available chlorine absorbed by the water to 
be disinfected in a given period of time. To this 
amount a factor of safety is usually added, giving a 
resultant so-called effective chlorine index. It is clear 
that the important element in the above procedure is 
the time element. The time interval taken for the 
measurement of the chlorine absorption is dependent 
upon the consideration of the death rate of the bac- 
teria under the particular conditions. A dose meas- 
ured in the light of the above principle is a safe dose 
only if the time interval used in its evaluation is amply 
sufficient to provide for adequate bacterial destruction. 
The problem of measurement of chlorine dosage re 
solves itself, therefore, into the question, “What is the 
safe time interval for the chlorine absorption test?” 

The literature of chlorination suggests various an- 
swers to this question. Adams,’ in his discussion of 
the chlorination of the water for Toronto, Canada, 
seems to assume that 3 minutes (plus a factor of safety ) 
is a sufficient time interval for such a test. The basis 
for his criterion is not apparent. He states, however, 
that “by conducting a series of tests it was determined 
that Color No. 2 represented a surplus of chlorine in 
the finished water that would guarantee efficiency in 
bacterial destruction at all times, and in the great 
majority of cases would not give taste or odor, and 
under no circumstances a bad taste or odor.” Color 
No. 2 was equivalent to the intensity of color existing 
with a definite excess of available chlorine. 

That such a short time interval as the above is not 
universally applicable is evidenced by a survey of the 
data reported by Race.* It would appear from a 
number of the experiments there cited that effective 
sterilization or even approximately fair destruction is 
frequently not obtained even after a 60 minute inter- 
val. The application of a 3 minute absorption test to 
such a condition would demand, of course, an auxiliary 
factor of safety of high proportions in order to elimi- 
nate the danger of ineffective dosage. 

Dienert,> of the city of Paris, France, approaches 
this problem in the conservative manner suggested in 
the preceding statement. He not only stipulates fac- 
tors of safety abnormally high in comparison with 
American practice, but uses in addition a chlorine 
absorption time interval of 15 minutes. He says: 

“For the treatment of water we use always a quantity 
of available chlorine equal to that absurbed in a quarter 
of an hour increased by 0.5 p. p. m. We estimate that 
to sterilize a clear water with a quantity of chlorine 
determined as we have just said, 3 hours contact are 
necessary. If, for certain reasons, We are obliged to 


*“Water Chlorination Experiences at Toronto, Canada,”’ 
Am. J. Pub. Health, August 1916. 

*“Some Aspects of Chlorination,” J. Am, Water Works 
Assoc., June 1916; “Chlorination and Chloramine,” Jbid., 
March 1918. . 

5“New Perfections in the Chlorination of Waters,” La 
Technique Sanitaire et Municinale, February 1917. 


distribute water before this delay, we must increase the 
quantity of chlorine and bring it up to 1.00 instead of 0.5 
Dp. D. m. 

“Thus, let us take a water whose absorption of avail- 
able chlorine in a quarter of an hour is equal to 0.2 p. 
p. m. If the water must be distributed in a very short 
time we would add 1.2 p. p. m. in order to sterilize it. 
If we should store the water longer than 3 hours, we 
would use only 0.2 + 0.5 = 0.7 p. p. m. of available 
chlorine. 

“We have established, in following the bacterial con- 
tent of river or turbid waters treated with doses of 
free chlorine of from 1.00 to 1.5 p. p. m., that at certain 
moments B. coli was not destroyed. Safety in treat- 
ment demands the use of a dose of free chlorine a little 
higher than the doses given above.” 

Professor Santoliquido,’ of Italy, adds to the general 
theory by stating that “the bactericidal action of 
chlorine is not instantaneous for any particular bac- 
terium; in order that the action should result, there 
is always necessary a contact period, which, at a mini- 
mum, must be from 10 to 20 minutes.” 

Costa and Pecker' modify somewhat the system cf 
presumptive test for chlorine dosage by eliminating 
the factor of safety and using their so-called “chlorine 
index.” The index appears to differ but slightly, in its 
evaluation, from the usual chlorine absorption tests 
reported by other authors and in our own discussion. 
They establish as a principle or hypothesis that the 
useful dose for the purification of water is determined 
by the total quantity of chlorine fixed by the water in 
a given time and under definite conditions. They have 
determined, as a result of experience, that the initial 
dose of chlorine be used in evaluating their index 
should be 5 p. p. m. As to the period of contact for 
the test, the authors have taken the figure of 30 min- 
utes, which they state “is generally adopted for the 
purification of water by chemical substances.” 

These authors declare further, that they have been 
able to decide after more than 2 years’ experimental 
work that the sterilization of water is not very often 
obtained if the quantity of chlorine used does not reach 
the figure fixed by the index, and that these latter 
figures give quantities su:ficient for purification. 

The foregoing discussion seems to indicate the ab- 
sence of any general agreement either as to the neces- 
sary time interval for the chlorine absorption test or 
the relative scale of factor of safety. The evidence 
as to the velocity of bacterial destruction under widely 
varying conditions is far from complete. It would 
seem that a 30 minute absorption plus a high factor of 
safety is hardly necessary. It is doubtful, too, whether 
such factors of safety as 0.5 to 1.00 can be universally 
employed under such conditions as exist in Maryland, 
where frequently the period of contact before consump- 
tion is so brief as to preclude a dose which would result 
in such excessive amounts of free chlorine at the tap. 

A general survey of this phase of chlorination dis- 
closes a need for additional data regarding the veloci- 
ties of disinfection under actual operating conditions. 
That the conceptions of this phase are inadequately 
developed is evidenced by the wide discrepancy in the 
phenol coefficients of chlorine, for example, quoted in 
current literature.* 


Latent Heat of Fusion 
By Prof. W. C. McC. Lewis, M.A., D.Sc. 


THE process of fusion of a solid has been investigated 
by Honda (Science Reports, Tohoku University, Sep- 
tember, 1918) from the point of view of the quantum 
hypothesis. The chief interest of the work lies in the 
view taken of the nature of the molecular and atomic 
movement in the liquid or fused state of a substance. 
Our long familiarity with the principle of the contin- 
uity of the gaseous and liquid states, and the important 
results gained in this field, have served to impress 
physicists and chemists with the close analogy which 
exists between a liquid and a gas. On the basis of 
Honda’s considerations, we are led to expect a far 
closer analogy between a solid and a liquid, in so far 
as the type of molecular or atomic energy is concerned. 
Let us take the simple case of a monatomic solid. Its 
energy consists of vibration of the atoms. On the 


*“Note on the Purification of Potable Water by Calcium 
Hypochlorite,” Office International D’Hygiene Publique, 
May 1918. 

'“The Determination of the’ Useful Dose of Chlorine for 
the Purification of Water; The Chlorine Index,” Compt, rend., 
February 1918. 

* Rideal, J. Roy San. Inst., 31 (1910), 33-45, gives 2.2, 
while Schneider, “Bacteriological Methods—Food and Drugs,” 
p. 260, gives 12.5. 


equipartition view this energy amounts to 3 RT per 
gram-atom, of which one-half is kinetic, one-half poten- 
tial energy. On the quantum theory this expression is 
modified in the sense that T itself is replaced by a com- 
plex expression (involving T), which allows for the 
fact that the heat capacity diminishes as the tem- 
perature falls. In both cases we restrict ourselves to 
vibrational movement of the atoms alone; we do not 
consider any other possible mode of motion. According 
to Honda, however, the molecules or atoms may possess 
small dependent rotational vibrations about their cen- 
tres of mass, and when we approach the melting-point 
of the substance the amplitude of the vibration attains 
such a magnitude that the rotational vibration “at last 
becomes a continuous rotation.” “As soon as the rota- 
tional vibration is changed into a continuous rotation 
the regular spacing of the molecules breaks down, dis- 
order beginning to take place, and therefore the rota- 
tion becomes independent of the translation.” The 
molecules have now two or three degrees of freedom in 
respect of rotation. “Since the molecular distances in 
the solid and liquid states do not differ much, the 
rectilinear motion of the liquid molecules is also vibra- 
tory, its amplitude remaining the same.” The latent 
heat of fusion is therefore identified with the bringing 
into existence of the two or three degrees of freedom of 
rotation. Honda calculates what this energy amounts 
to on the basis of the quantum theory, and then pro- 
ceeds to compare the result with the observed latent 
heats of fusion. For sixteen elements he finds very 
satisfactory agreement. In six other cases there is no 
agreement, and this he explains on the basis of the 
external and internal work done owing to the change 
in volume on melting. Honda has also applied his 
ideas to the fusion of compounds, and finds in certain 
eases that a similar relation holds good. “It is neces- 
sary to assume that these compounds have a molecular 
structure both in the liquid and the solid, and that in 
the liquid state the molecules have three degrees of 
freedom for rotation.” In other compounds it is neces- 
sary to assume a number from 3 to 6 for the degrees of 
freedom in order to bring the calculated and observed 
latent heats into agreement. It is evident that Honda’s 
views are not as applicable to compounds as they are to 
elements. Nevertheless, the importance of the con- 
tribution as pointing the way to an explanation of the 
mechanism underlying the process of fusion is very con- 
siderable-—From Science Progress. 


Airplane Wing Design 
Continued from page 367 


rush of the atmosphere. It acts as if there were a 
downward component of motion in the air around the 
wing, of very much the same amount that might be 
calculated from the strength of its own trailing vor- 
tices. This is manifest in a relatively poor lift, as if 
something were reducing the angle of attack, and in a 
greater resistance as if climbing up through a descend- 
ing wind. 


(h) LAWS OF ENERGY CONTENT IN TRAILING VORTEX 


Mathematically it would appear to be as easy to 
calculate the energy of vortex-motion lift in the wake 
of an airplane as it is to calculate electrical self-induct- 
ance. The arrangement of trailing vortices behind an 
airplane evidently depends considerably on the dis- 
tribution of the loading along the wing span, because a 
wing can terminate in effect considerably short of the 
actual tip by an easing up of the lift. Calculations 
concerning the best arrangements would be interesting. 
The writer has made some approximate computation 
by assuming the trailing vortices to be a group of 
parallel columnar vortices: a sort of vortex sheet 
constituting the wake of the wing. This method of 
calculation applied to a monoplane gives the usual 
values of the lift-drag ratio when friction is taken 
into account. 


(i) FRICTION AND HEAD RESISTANCE 


In a practical way friction is a very large item and 
it would be very interesting to have separate tests for 
the friction losses of wings. For example, tests might 
be made of the resistance of a hoop or endless ring 
having the cross-section of a good wing. 


(j) EXPLOSION OF EDDIES 


Frequently the low pressure at the center of a vor- 
tex or eddy in real air appears to be penetrated by a 
rush of air along the axis. Knowledge about this, 
especially with reference to the effect, cause and con- 
trol of such disturbances in the wake of wings, would 
be interesting. - 
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200 kw. Alexanderson high-frequency alternator used at the New Brunswick station for trans-Atlantic 
communication 


Experimental Wireless Telegraphy and Telephony—XI° 


One of the transmitting inductances used at 
the New Brunswick station 


Principles of Undamped Wave Transmitters and the Wireless Telephone 
By Louis Gerard Pacent and Austin C. Lescarboura 


UNDAMPED oscillations are not broken up into groups 
like damped oscillations. Exactly similar current cycles 
follow one another continuously, except as they are in- 
terrupted by the sending key, or subjected to gradual 
fluctuations of intensity as when used in radio tele- 
phony. Undamped oscillations are produced by a high 
frequency alternator, an are, or vacuum tubes. 

The main advantages of undamped waves are the fol- 
lowing: 

(1) Radio telephony is made possible. (2) Extremely 
sharp tuning is obtained and consequent reduction of 
interference between stations working close together. 
A slight change of adjustment throws a receiver out of 
tune, and the operator may pass over the correct tun- 
ing point by too rapid a movement of the adjusting 
knobs. (3) Since the oscillations go on continuously 
instead of only a small fraction of the time, as in the 
case of damped waves, their amplitudes need not be so 
great, and hence the voltages applied to the trans- 
mitting condenser and antenna are much lower. (4) 
With damped waves the pitch or tone of received sig- 


nals depends wholly upon the number of sparks. per Avy 


second at the transmitter. With undamped waves the 
receiving operator controls the tone of the receiving 
signals, and this can be varied and made as high as de- 
sired to distinguish it from strays, and suits the sensi- 
tiveness of the ear and the telephone. These advantages, 
freedom from interference and from other stations 
through selective tuning, the use of high tones and low 


+ 
onl fr + 


Fig. 1. Arrangement of circuit for producing oscil- 
lations with a vacuum, tube 


voltages, and the greater freedom from strays combine 
to permit a higher speed of telegraphy than could other- 
wise be obtained. 

*This is the eleventh instalment of a series"that has appeared 
from time to time in the ScrentTiric AMERICAN SUPPLEMENT, 
beginning with the issue of July 5th, No. 2270. Back numbers 
may be obtained as long as the supply holds out. 


METHODS OF PRODUCING UNDAMPED OR PERSISTENT WAVES 

Persistent, continuous or undamped waves, which 
ever way one wishes to designate them, can be gener- 
ated by several distinct methods, each having its ad- 
vantages and disadvantages as follows: 

(1) The are or Poulsen method of obtaining oscil- 
lations of radio frequency by means of an electric arc 
burning in an atmosphere of hydrogen and in a stron, 
magnetic field. The arc method produces undamped 
waves of rather long wave length, and is ordinaril) 
operated on 500 volts direct current. It has been dis- 
covered than an electric arc between proper electrodes 


A 


= 


Cc 


Fig. 2. Simple hook-up for using a vacuum tube 
as an undam wave transmitter 


shunted by an induction coil and a condenser will 
produce undamped oscillations through the shunt cir- 
cuit, and such a circuit is used to excite an aerial cir- 
cuit for transmitting purposes. Depending on whether 
a key or a telephone microphone is used, the are gen- 
erator may be arranged for radio telegraphy or radio 
telephony. For radio telephony a microphone may be 
inserted in the ground wire, if it is capable of carrying 
the antenna current. The vibrations within the micro- 
phone caused by the sound waves alter the resistance 
and modify the radio oscillations and transmitted 
waves. 

(2) The high frequency alternator method, which is 
practically an inductor type of alternating current 
generator having a great number of poles and revolved 
at high speed in order to obtain the frequency desired. 
A standard General Electric Alexanderson 2-kilowatt 


high frequency alternator designed for a frequency 
of 200,000 cycles or 1,500 meters wave length is re 
volved at a speed of 20,000 revolutions per minute. 

The rotor consists of a steel disc with a thin rim and 
much thicker hub, shaped for maximum strength. In 
stead of having teeth on the edge, it is slotted with little 
windows, the inductors in the form of spokes, and leav- 
ing a solid rim of steel. Then to cut down the air fric- 
tion the slots are filled with non-magnetic material such 
as phosphor-bronze, finished off smoothly with the face 
of the disc. These machines embody a number of novel 
features made necessary by the small space per in- 
ductor and the exceptional speed. Their construction 
became possible only through engineering skill of a very 
high order and by fine workmanship. They are only 
suited to big commercial and government installations 
of a permanent character. 

(3) The Goldschmidt alternator method is some- 


B what complicated as it generates persistent waves 


through the multiplication of a relatively low initial 
frequency by means of a series of electrical reflections 
between the stator and the rotor of the machine. For 
example, an alternating current of say 10,000 cycles 
is put through the stator, and the rotor is tuned to the 
frequency of the stator. The resultant frequency will 
be twice the initial frequency. The latter frequency is 
put through another oscillating circuit tuned to its 
frequency and the result is again a considerable multi- 


Fig. 3. Method of sending modulated persistent 
waves, by means of transformer and buzzer 


plication. The last frequency can then be connected 
with the antenna and ground through a proper loading 
coil. 

The large Goldschmidt generators used in trans-At- 
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lantiec service have 360 poles and are driven at 4,000 
revolutions per minute by 250-horsepower motors. The 
fundamental frequency is therefore 12,000, which is 
quadrupled as has just been explained, giving 48,000 


LURMI 
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Fig. 4. Unique method of sending modulated persistent 
waves by having a coil or inductance on the outside 
of the vacuum-tube bulb 


at the antenna. To secure satisfactory operation the 
fluest sort of workmanship is necessary in building 
them, 

(4) Frequency transformer method, which is accom- 
plished by using a series of transformers in each of 
which the initial frequency is multiplied by two. Cur- 
rent is generated by an alternator at a relatively low 
frequency (10,000 cycles per second or less) after 
which the frequency is increased to 30,000 or 40,000 
eyes by two groups of transformers and so on until 
the proper frequency is obtained. 

(5) The vacuum tube oscillator method, which is 
caused by using the Armstrong “feed back” system of 
regeneration. This is accomplished by placing an in- 
ductance in series with the plate and this, in turn, is 
placed in inductive relation with the grid, causing the 
plate current to act on the grid and producing oscil- 
lations of a frequency dependent entirely on the con- 
stants of the circuit. Fig. 1 shows this arrangement 
in simple form, and can be followed in experimenting 
along these lines. The action is not unlike the how] that 
is produced when a telephone receiver is placed di- 
rectly over the transmitter mouthpiece. 

The experimenter is practically limited to the vacuum 
tube for his experiments and work with undamped 
waves because of the cost of the other methods. Even 
leaving aside the consideration of cost, in most instances 
the undamped wave generators other than the vacuum 
tube operate best on long wave lengths which are 
hburred to amateurs. However that may be, the fact 
remains that the vacuum tube makes an excellent gen- 
erator—one that is quite flexible, too, since its power 
can be increased merely by connecting more bulbs in 
parallel, 

Fig. 2 shows a method of connecting a vacuum tube 
venerator to an antenna for transmitting undamped 
or continuous waves. The key, it will be noted, is placed 
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Fig. 5. Method of sending modulated radio-frequency 
current 


across a couple of turns of the secondary of the oscil- 
lation transformer, so that the set is tuned and de- 
tuned with the operation of the key. It will be recalled 
that the sharpness of undamped waves is quite marked 
at the receiving end, so that it follows that when the 
set is detuned, even to the e~tent of two turns of the 
secondary of the oscil!s'' transformer, the waves are 
not heard at that momen! In this manner it is pos- 
sible to make dots and dashes with an ordinary tele- 


graph key, even when he ‘ling considerable trans- 
mitting power, since little »»wer |» broken by the con- 
tacts. 


Fig. 3 shows a method of transmitting modulated per- 
sistent waves by having a transformer in the grid cir- 
cuit and a buzzer and a key in the primary winding of 
same. The note emitted is similar to the tone of the 
buzzer used, and such signals can be received on any 
type of receiving set as distinguished from the straight 
undamped waves which cannot be heard with the ordi- 
nary crystal detector working in a damped wave re- 
ceiving circuit. 

Fig. 4 shows an unique method of transmitting modu- 
lated persistent waves by having a coil or inductance 
placed close to the vacuum tube as indicated, so as to 
modulate the electron current in the bulb. The tone 
emitted by such a transmitter is that of the buzzer 
used. Fig. 5 shows a method of sending modulated radio 
frequency current. In this arrangement advantage is 
taken of the tube because it is made to generate both 
audio and radio frequency current at the same time. 
The radio frequency circuits are LZ and L' and C and C". 
There is coupling between L*? and L*. The circuits 
lL? C? and L* C* are in resonance and the note emitted 
may be varied at will by varying the constants of their 
circuits. An inductance of 50 millihenries and a ca- 
pacity of 2 microfarads will give a 500 cycle current 
with such an arrangement. 

Radio telephony can be accomplished by employing any 
of the methods of producing continuous waves already 
described, providing that a suitable method is used to 
vary the power in accordance with the sound waves 
emitted by the speaker. 

The principles of radio telephony are the same as 
those of radio telegraphy by undamped waves, except 
that the sending key is replaced by apparatus which 
varies the sending current in accordance with the fre- 
quency of the voice sound waves. The sound waves 
have a frequency much lower than the radio fre- 
quency, so that each sound wave lasts over a consid- 
erable number of radio alternations. The radio wave is 
thus transmitted in pulses, and is received on any ordi- 


Fig. 6. Method of sending modulated undamped waves 
in accordance with sound waves for wireless tele- 
phone purposes 


nary apparatus used for receiving damped wave radio 
telegraphic signals. 

The power generated in the sound waves generated 
in ordinary speech is relatively very small, perhaps 
0.00000001 watt, yet this must be made to control a 
kilowatt or more of radio frequency power in long 
distance radio telephony. The effect of the sound waves 
must therefore be amplified. The usual method of voice 
modulation is to introduce special microphones directly 
into the antenna circuit. An ordinary microphone 
transmitter can carry but 0.2 ampere of current in- 
volving power consumption of only 2 watts, without 
injurious heating. In order to control considerably 
greater quantities of power, various modifications have 
been used. For example, Lorenz used as many as 25 
microphones, joined in parallel, Fessenden developed 
special water-cooled microphones, Egner and Helm- 
strom used oil cooling, Marzi a microphone with 
a moving stream of carbon grains, Chambers and also 
Vanni microphones in which the varying resistance was 
supplied by a stream of conducting liquid impinging 
upon the vibrating diaphragm. 

But for amateur requirements, where the power em- 
ployed is rather limited, there is little difficulty in at- 
taining the proper voice modulation. In the short-dis- 
tance radio telephone transmitters an ordinary tele- 
phone microphone handles the aerial current. Fig. 6 
shows the manner in which undamped waves, such as 
those generated by an oscillating vacuum tube, are mod- 
ulated by speech. Fig. 7 shows a method of modulating 
undamped or continuous waves by the grid method. 
Fig. 8 shows a combination radio telephone and tele- 
graph set, a separate modulating tube being used in 
this case. The modulation of the antenna current is se- 
cured by applying the voltage variations produced by a 
telephone microphone to the grid of a controlling tube, 
the output of said tube affecting or modulating the os- 
cillations in accordance with the sound waves. 


Physical Properties of Molybdenite 

Tue U. S. Bureau of Standards has recently pub- 
lished a bulletin (No. 338) on “Some Optical and Pho- 
toelectric Properties of Molybdenite” by W. N. Coblentz, 
Associate Physicist, and H. Kahler, Laboratory Assist- 
ant, of the Bureau. 

The following is a summary of the paper: 

The present paper gives data on the change in the 


electrical conductivity of molybdenite when exposed to 
thermal radiations of wave lengths extending from 
weve length 4 = 0.364 in the ultra-violet to beyond 
\ = 9u in the infra-red. 


Fig. 7. Method of modulating the continuous waves by 
the grid method 


The radiations of wave lengths extending from the 
ultra-violet to about 34 produce a change in the elec- 
trical conductivity of molybdenite. The effect of tem- 
perature, humidity, intensity of the exciting light, etc., 
upon the photoelectrical sensitivity of molybdenite was 
investigated. Atmospheric humidity does not affect the 
shape of the spectral photoelectric sensitivity curve. 

The effect of increasing the itnensity of the exciting 
radiations appears to be to produce a more rapid re- 
sponse in the long wave lengths than in the short wave 
lengths, with a resultant shift of the spectral photo- 
electric sensitivity curve toward the long wave lengths. 

There is no simple law governing the variation in 
the photoelectric response in molybdenite, with varia- 
tion in intensity of the radiation stimulus. 

At room temperatures there are maxima of sensi- 
tivity in the region of \ = 0.7u, 0.854, 1.02u, and 1.8u. 
Beyond 2.54 the photoelectric sensitivity is nil. 

Raising the temperature causes a rapid decrease in 
the spectral photoelectric sensitivity, especially in the 
regions of 1.024 to 1.84. At 80 C. the spectral photo- 
electric sensitivity has practically disappeared, only 
slight indications being observed for radiations of 
wave lengths A = 0.6 to 0.8u. 

The effect produced by lowering the temperature is 
to greatly increase the sensitivity curve throughout the 
whole spectrum from the ultra-violet to 2.54 in the 
infra-red. This increase in sensitivity is greatest in 
the region of 0.84 to 0.94, so that at the temperature of 
boiling liquid air the maximum sensitivity occurs at 
about 0.854, with a new band at 1.254 to 1.354. Sam- 
ples of molybdenite which are quite insensitive at 
room temperatures become fairly sensitive, photoelec- 
trically, at — 178° C. At low temperatures the spectral 
photoelectric sensitivity curves of all somples are quite 
similar, with a maximum in the region of 0.8u to 0.9. 
From this it would appear that this photoelectric 
property is one of degree rather than one of quality. 
The fact that the bands at 1.024 and 1.84 occur to- 
gether, and that the 0.854 band may occur alone sug- 
gests the possibility that they are characteristic bands 
of spectral photoelectric sensitivity of different sulphur 
compounds of molybdenum, 

Using frequency instead of wave length to indicate 
the spectral position of the radiations which cause the 
maximum change in electrical conductivity, it is found 
that in some instances there is a constant difference of 
the wave numbers analogous to the series relations of 
spectral lines. 

The time required for recovery of equilibrium in 
electrical conductivity is twice the time of exposure. 

Mechanical working of the material appears to lower 
the photoelectric sensitivity. 

There appears to be no close connection between pho- 
toelectric sensitivity and current rectification in molyb- 
denite. 
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Combination telephone and telegraph radio set, with a 
separate modulator 


Measurements of reflecting power show that molyb- 
denite has a high reflectivity in the violet, which de- 
creases to a uniform value beyond iz. Similarly, the 
transmission is high and uniform beyond lg in the 
infra-red. Using these data refractive indices were 
computed, indicating a value of n = 3 for wave lengths 
greater than 1. 
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Future Internal-Combustion Engines—II’ 


Physical Processes, Mechanical Methods, Energy Utilizations, and Possible Improvement of these Motors 
By Prof. C. A. Norman, Ohio State University 


[ConcLupep From Screniiric AMERICAN SupPLEMEN1 No. 2290, ror DecemBER 13, 1919] 


It may not be clear to all why sustained combustion 
should not give as good results as more explosive com- 
bustion. The following explanation is given simply 
as an illustration of molecular reasoning. Molecular 
velocity is transformed into piston velocity, i. e. useful 
work, by expansion. The more a gas expands after 
heat has been imparted, the more of that heat will be 
transformed into work. It is therefore desirable to 
impart as early in the stroke as possible so as to 
make it convertible into work by the maximum amount 
of remaining expansion. Heat imparted late in the 
stroke wil have a much smaller chance for conversion 
and will therefore be imperfectly utilized. 


INJECTION ENGINES. 


A great deal of very energetic work is at present 
being done in the United States on various forms of 
injection engines. The most startling development in 
this field is, however, the adaptation of the German 
Junkers engine to aeronautical purposes. This is a 
two-cycle engine using two pistons working in opposite 
directions in the same cylinder and uncovering two sets 
of ports at the end of the stroke. Scavenging air en- 
ters through one set and sweeps the combustion prod- 
ucts out through the other. The engine is consequently 
valveless except for the injection valve. 

This, however, is the difficult part in all injection 
engines. At high speeds and comparatively small di- 
mensions, the dimensions of the injection valve be- 
come minute and mechanical injury is to be expected. 
With injection without high-compression air the ex- 
act shape of the valve to produce a good spray is a 
matter of tedious and painstaking experimentation. 
Complete combustion of a fuel injected in liquid state 
is at high speed, also not easy to secure. With injec- 
tion air a multi-stage air compressor is necessary. 
Means of obviating this has been proposed, for instance 
by Higgins, although at the expense of delayed ig- 
nition. 

For aeronautical uses, where special fuels even at a 
somewhat increased price will never be a serious con- 
sideration, I have proposed and to some extent tried a 
partial evaporation by the exhaust heat of the gasoline 
before injection and at injection pressure. This would 
insure both an increase in the volume of the fluid and 
a very much more energetic mixing after injection 
without any intricate shapes of valves. 

The injection engines deserve the greatest attention 
from inventors with ingenuity as well as especially 
from development men with a great deal of patience 
and detail care. A combination of the work at both 
might lead to the development of some very efficient as 
well as rugged and dependable engines for automotive 
uses. 

With solid-injection engines it might be of interest 
to study the effect of air heating by the exhaust. Even 
if the power were reduced somewhat, which is ques- 
tionable a more rapid and perfect combustion might 
very well give an improvement in fuel economy more 
than counterbalancing this disadvantage. 


EXPLOSION TURBINES. 

In explosion turbines the inefficiency due to inade- 
quate expansion does not inherently obtain. The mix- 
ture is drawn into an explosion chamber and exploded, 
whereupon the gases expand through a nozzle and im- 
pinge upon a turbine wheel. A section of a turbine of 
this character actually built and operated by Holzwarth 
in Germany is shown. The turbine is vertical and in- 
tegrally connected to a generator. The design is both 
ingenious and graceful. 

Owing to the impossibility of expanding to atmos- 
phere this turbine would, if the process otherwise were 
exactly the same as in the reciprocating engine, have a 
theoretical energy utilization of about 67 per cent, the 
presure and temperature conditions taken to be those 
assumed before. Actually the process is not exactly 
the same. The compression cannot take place in the ex- 
plosion chamber itself, but must be furnished by an out- 
side compressor. This, on account of the added delivery 
work, increases the compression work theoretically 
about 40 per cent, practically on account of much 
greater inefficiencies very much more. If we use turbo- 
compressors their adiabatic efficiency will even for 
very large sizes hardly reach 75 per cent. The delivery 


*Reproduced from Journal Society Automatic Engineers 


in the combustion chambers will, om account of turbu- 
lence losses, reduce this efficiency at least 5 per cent 
more. Moreover, looking aside from some theoretical 
differences, a turbine wheel operating with a falling 
pressure cannot be efficient; 60 per cent is a high esti- 
mate for the efficiency of such a wheel. Making these 
allowances, the thermal efficiency of the turbine drops 
from a theoretical one of about 67 per cent to a prac- 
tical one of 13.8 per cent. 

This shows the danger of working with half under- 
stood formulas and generalizations. A very great num- 
ber of inventers with very good engineering education, 
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Sectional elevation of the Holzwarth vertical 
explosion turbine 


yet not capable of detailed analysis, have fallen in the 
following snare: Their theoretical text-book formula 
shows an energy utilization of 67 per cent. Now, they 
reason, there is not a single piece of apparatus in my 
machine that has not an efficiency of over 50 per cent. 
Consequently the whole machine ought certainly to 
have a utilization of 050 x 0.67 = 33.5 per cent. 
Actually the situation is that two people are eating 
into a pie from both sides. If both are entitled to one- 
fourth there should theoretically be one-half of the 
pie left. But if both eat twice as much as they are 
entitled to, that does not mean that there is going to be 
only half as much pie, or one-fourth left. It means 
that there is going to be nothing left at all. Similarly, 
a compressor may require theoretically only 25 per cent 
of the expansion work of the expander, leaving 75 per 
cent net. If the compressor is 50 per cent efficient, it 
actually, however, requires 25 = 0.50, or 50 per cent. 
If now the expander is also 50 per cent efficient it will 
actually yield only 50 per cent expansion work and 
the compressor will take it all. 

This is the tragedy of the gas turbine situation and 
was the tragedy especially of the much heralded Ger- 
man Holzwarth. He succeeded in getting money to 
build a plant. The wheels turned, and, mechanically, 
the plant was quite a success. But the utilization 
did not come out, in fact, only a small fraction of it. 
Then Holzwarth wrote a beautiful book proving mathe- 
matically that while the utilization had not come out 
yet, it was bound to come out in time. In response to 


this the grand old man of turbine theory, Stodolu, 
proved that while Holzwarth’s formulas were all right 
individually, they were all wrong when put together, 
and that in consequence his turbine would never meet 
expectations. An energy utilization of 13 to 15 per 
cent was all that could be expected of it. For the 
turbine without an auxiliary steam plant, I incline to 
the same belief from an entirely different method of 
reasoning. 

Many inventors have tried to dispense with compres- 
sion in gas turbines entirely. Even Holzwarth proposes 
the use of an exhauster to draw gas into his combus- 
tion chambers. He actually did use a low-pressure 
compressor. This exhauster, or compressor, he in- 
tended to drive by steam raised on the exhaust of the 
turbine. As a matter of fact it is not altogether im- 
possible that utilizations of around 20 per cent may 
be thus obtained. However, an explosion turbine is, 
if anything, a more complex machine than a recipro- 
cating engine, and, if it needs an extra steam plant 
for its operation, only very unusual fuel economics 
could justify its adoption. As a matter of fact, a 
straight steam plant can be made to give an efficiency 
over 20 per cent and run on coal. So the commercial 
prospects of the explosion turbine do not seem alluring. 


GAS TURBINES FOR AERONAUTICAL PURPOSES. 

Whele there are no immediate prospects of gas tur- 
bines suitable as prime movers for aeronautical pur- 
poses, an interesting application has been made by 
Rateau of a gas turbine running on the exhaust of an 
airplane engine. This gas turbine utilizes the expan- 
sion of the exhaust from ground level pressure to the 
lower pressure at high altitudes to compress, by a 
centrifugal compressor, the combustion air from the 
altitude pressure to ground level pressure. The mean 
effective pressure of the engine is thereby maintained 
at all altitudes. 

The temperature of the air at high altitudes is not 
much above freezing, say 500° F. abs. or 40°F. This 
temperature will be carried by compression to some- 
thing like 600°F. absolute. The exhaust gases have 
easily three times this temperature. They could there- 
fore deliver theoretically more than three times the 
compression work necessary to compress the air. In 
practice this means that the compression can be car- 
ried out if the efficiencies of turbine and compressor 
do not drop much below 60 per cent. Such an effi- 
ciency can be obtained. The weight of the outfit has, 
however, so far made its usefulness questionable. 


PRESSURE PRODUCTION BY BOILING. 


De Laval has experimentally run a boiler at a pres- 
sure of 2,000 Ib. per sq. in. The temperature of satura- 
tion at this pressure is 640°F. Cold rolled steel has, 
however, at 1,000°F. still an elastic limit of 30,000 
Ib., and Monel metal, rolled or cast, an elastic limit 
well over 20,000 Ib. per sq. in. There would, therefore, 
be no difficulty in running a boiler with small tubes 
at 2,000-lb. pressure and 1,000° temperature. Our data 
regarding the behavior of wafer and steam at these 
high pressures and temperatures in the neighborhood 
of the so-called critical conditions where liquid and 
vapor melt into one are incomplete and an investiga- 
tion would be of interest. Practically it would in any 
case hardly pay to run pressures up to 2,000 lb. We 
ought, however, to carry our temperatures to the high- 
est possible limit to utilize fully the molecular veloci- 
ties in our combustion gases. At all attainable steam 
temperatures the main part of the velocity energy in 
the gases is simply absorbed in “knocking” the water 
molecules out of the liquid, a far smaller part goes to 
accelerate them. This latter part is the only one we 
utilize in our engines. 

The higher the steam temperature, the greater is this 
part, the better the energy utilization. Ferranti in Eng- 
land has run a high superheat condensing steam tur- 
bine which gave an energy utilization of 24 per cent, 
disregarding boiler losses. We have boiler systems in 
which these losses amount to less than 10 per cent. 
This is the case with the surface combustion boiler of 
Professor Bone, combined with an economizer. By 
careful application of the counterflow principle so as to 
absorb ell possible fuel heat in feed water heating, the 
heat losses in any boiler can be reduced below 20 per 
cent. All told, there should be little difficulty in de- 
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veloping a steam plant for automotive uses which 
would give as good an energy utilization as the ordinary 
explosion engine, but do it on almost any kind of fuel. 

This, in my opinion, is the most immediate duty es- 
pecially of the tractor and truck engineer. With half 
the energy spent on boilers that we have been spending 
on carbureters we should probably have had an excel- 
lent safe and reliable high-pressure, high-superheat 
boiler long ago. It is probably coming pretty soon now 
and we shall be all the better for it. The next problem 
will then be to adapt it to the cheapest kinds of fuel. 
A non-condensing automotive steam plant can never be 
made to secure the energy utilizations that we obtain 
now with our best airplane engines, still less the econo- 
mies we hope to obtain with improved apparatus later 
on, On the other hand we can never hope to inject 
solid or gritty fuel, hardly even very low-grade liquid 
fuels into our automotive internal-combustion engines. 
These fuels should be Handed over to steam plants. 

Regarding the dependability, power and maneuver- 
ing facilities of the steam engine, nothing need be said. 

The fatal influence of compressor inefficiency on the 
prospects of the gas turbine has led many inventors to 
cast about wildly for a way to create a pressure differ- 
ence by condensation of the combustion gases. Noth- 
ing more need be said about this just now. 


POWER BY ELECTRICITY DIRECT FROM COMBUSTION. 

I shall deal here with possibilities of a character en- 
tirely different from our present methods of power 
production, possibilities at present existing as scien- 
tific possibilities only, yet perhaps no less definitely 
established and understood than the principles of 
wireless telegraphy were established 25 years ago. 
For let it be clearly understood that Marconi could not 
have achieved wireless telegraphy if the underlying 
physical phenomena had not been investigated and 
Cleared up by scientific researches of the most ab- 
struse character in the preceding 30 or 40 years. 

This is something that should be emphasized espe- 
dally to an organization of American engineers. We 
are altogether too prone in this country to see all our 
salvation, all progress in “hard-headed” comon sense, 
in business organization and hustling and bustling 
methods. We are apt to forget that the practical gas 
engine was developed by a doctor of philosophy, that 
the steam turbine was also, that the Diesel engine was 
initiated by a doctor of philosophy, and lastly that the 
pioneers in flying in this country were first a doctor of 
philosophy and then a pair of men who according to 
general information were notorious dreamers and had 
the peculiar idea of learning to study German litera- 
ture on the subject before they started out. 

You cannot initiate great new lines of progress sim- 
ply by imbibing a lot of current practical information 
and then going out and hustling. You have to get down 
to fundamentals, to underlying princniples, check up 
current practice against fundamentals, and if you find 
that current practice embodies underlying principles, 
poorly, then have the courage to strike out on new paths 
and stick to these paths through thick and thin, with 
the assurance of having all the “hard-headed” business 
men and all the “common sense” crowd against you. 
All this involves leisure and time for thought and study. 
If we as engineers are willing to give competent scien- 
tifically trained men the time and the means to conduct 
investigations into the outlying fields of science, en- 
tirely unhampered and without any expectations of 
immediate returns, then we shall most assuredly in time 
see great things happen. If we are not willing to do 
that, we shall continue to’ see the far poorer coun- 
tries of Europe, nations with certainly no more native 
intelligence than ours, continue to take the great steps 
in advance in many lines, leaving to us only the minor 
changes and problems of mass production. 

Now then, simply as an illustration of one thing that 
might be accomplished if we give the means to the 
scientists, the production of electricity directly from 
combustion might be cited. 

It is well known that a substance subject to electro- 
lysis transports through the solution and delivers at 
the electrodes a perfectly definite quantity of electricity 
per unit weight. To drive the substance through the 
solution a perfectly definite electric tension is neces- 
sary. The product of the tension and the electricity 
transported is the work done, the product of the tension 
and the electricity transported per second is the power 
consumed. So exact is the law of the electric transport 
that, as we all know, the most exact means for meas- 
uring a current is to weigh the amount of silver it 
deposits per unit time out of solution of a silver salt. 
Not only does this law hold for electrolysis, it holds 
just as well for primary batteries. If in such a battery, 
say, zinc is dissolved in an acid, the zinc carries with 
it into the acid a certain well-defined amount per unit 
weight of positive electricity and an exactly equal 


amount of electricity will in the due course of trans- 
port be delivered at the positive pole of the element. 
‘The force that causes this. trarisport is the chemical 
forces between the atoms and the electrons which cause 
the metal to go into solution. 

In ordinary combustion the chemical force draws the 
atoms into collisions and our problem is to utilize for 
power purposes the velocities resulting from these col- 
lisions, an extremely indirect and unsatisfactory way 
of using the chemical force. 

In electrical batteries the chemical force is used di- 
rectly to drive electricity into a solution and from the 
solution out into a pole plate again. From this pole it 
may be carried into an external circuit and there be 
used for instance to drive a motor. The percentage of 
the chemical force that is delivered to the motor is de- 
pendent only on the resistances to the electric transport 
in the battery and in the circuit. These resistances can 
be kept quite low. 

The question now arises: Would it be possible to use 
the combustion process with our ordinary fuels to de- 
liver electric current in a primary battery, and what 
would be the fuel utilization of such a battery? 

Answering this, we can only state here that as long 
ago as in 1910 and 1912 some German scientists, nota- 
bly Baur, Taitelbaum and Ehrenberg, had succeeded in 
combining such fuel batteries using fuels ranging from 
hydrogen to sawdust. Electromotive forces close to the 
theoretically possible ones were obtained. Burning 
carbon electrodes, Baur obtained considerable currents 
without reduction of electromotive force. 


The Sense of Direction in Animals 
(Continued from page 363) 

In numerous simpler cases, however, a single inter- 
mediate sign of direction is sufficient to make possi- 
ble the indirect orientation, for instance, in case this 
sign of direction continues as a stable complex from 
the starting point to the goal. For example, this is the 
case when an ant path at the foot of a wall runs 
along the wall to a bush covered with plant lice. It 
is clear that such a uniform complex .. . leaves be- 
hind it a one-phase engram-complex in distinction from 
the many-phased differentiated complexes upon which 
genuine successively associated memory of locality is 
based. 

We may say that this one-phase orientation by means 
of the wall is “channelized.” Into this class of chan- 
nelized orientation must fall all those cases in which 
orientation moves along a previously indicated road. 
This includes not only beaten roads, but all sign posts 
and local signals of every description including foot- 
prints, odors and definite topographical lines such as 
walls, the shores of streams, etc. The common factor 
in all these cases consists in the circumstance that 
the orienting one-phased stimulus-complex concerned is 
in the immediate vicinity of the receptive sense appa- 
ratus (organ of sight, smell, or touch), so that even a 
slight deviation to one side will take the animal out- 
side the domain within in which the said stimulus 
operates, and will, therefore, cause it entirely to lose 
the direction. 

The case is quite different in those instances in 
which the source of the stimulus is at a comparatively 
infinite distance from the receptive organ. Typical ex- 
amples of this are orientation by means of a compass, 
or by the sun or stars. The comparatively infinite dis- 
tance of such stimuli demands, on the one hand the 
ubiquity of the stimulus currents proceeding from them, 
and on the other hand it requires that the latter shall 
travel (within practically infinite distances) in par- 
allel lines to all the points reached. In consequence of 
this even a very great lateral deviation (as when an 
animal is carried a long distance to one side of its 
path) is obviously incapable of altering the absolute 
direction. Thus an animal which has been forced to 
deviate from its path will hold to its original course 
(as a ship directed by a compass); in other words, 
it will follow an “apparent” or “virtual” orientation 
(Santschi)* whose absolute direction will be exactly 
parallel to the original direction. ... It follows from 
this that such a so-called “free” orientation (in con- 
trast to a channelized orientation) will remain an act- 
ual orientation with respect to a definite goal, only so 
long as the spacial-kinetic continuity of the journey 
is strictly maintained. 

One other important phenomenon may be mentioned. 
We have seen that in the case of indirect orientation 
based upon many-phased complexes, the relative direc- 
tion results inevitably from the direction of the series 
of the various intermediate complexes. This cannot 
be true naturally in the case of one-phased orienta- 
tion, since in this instance there is either only one com- 

Santschi, “Comment s’Orientent les Fourmis,” Rev. 
Suisse de Zodl., 21, 1913. 


plex present or if there be a succession, such, for ex- 
ample, as in a continuous series of foot-prints, the suc- 
cessive single complexes are entirely uniform. ... As 
a matter of fact we find that in all cases in which a 
one-phased complex makes possible an inevitable rela- 
tive plan of direction the stimuli concerned are local- 
ized a-symmetrically upon sharply defined areas of 
the sense organs, so that upon the return trip there is 
a sensory reversion to the corresponding area upon the 
other side, i. e. to that area of the sense organ which 
is diametrically symmetrical.... In the example 
mentioned above of the ant path along a wall, all of 
the ants going from the nest to the colony of plant lice 
touch the wall with the right antenna and see it with 
the right eye; on the return trip they receive the 
complex with the corresponding sensory area upon the 
other side of the body. It is obvious that if they asso- 
ciate this constant a-symmetrical localization with the 
corresponding engram of the goal, they must come to 
know the difference between the two directions run- 
ning from the nest to the colony and vice versa. But 
assume for the moment that the path runs between two 
exactly similar walls. In such a case the sense or- 
gans on the right side and on the left will receive 
identical and symmetrical impressions, which will not 
permit such a reversion as above described. Hence if 
an ant were removed from such a path and after th 
lapse of some time returned thither, it would doubtless 
be incapable of deciding as to the relative direction of 
the nest and the colony. ... The same principle holds 
good in all other one-phased orientation complexes, 
whether channelized or free: an orientation by means 
of the compass or of a distant source of light will al- 
ways be identical with regard to the relative direction: 
if on the other hand two sources of light were present 
at precisely symmetrical locations, or, if the north and 
south signs failed to be marked on the compass then 
the orientation could be determined only with respect 
to the absolute direction of its axis. A trail of foot- 
prints or a path marked by red arrows presents an 
orientation complex whose separate direction marks 
are polarized as far as the senses are concerned; but 
if the path were marked merely by exactly similar red 
lines instead of by arrows it would evidently be of no 
value as regards a relative instead of an absolute sign 
of direction. In the same way a completely homoge- 
neous scent-trail exactly similar as to its minutest 
chemical particles upon every portion of the way 
would be incapable of producing a relative sign of di- 
rection. 


General Conclusions.—As far as the nature of the 
stored up engrams upon which indirect orientation is 
based is concerned it is quite clear that these must 
consist essentially of the memories acquired during the 
individual life. In the case of many-phased orienta- 
tion, i. e., differentiated locality memory, this is ob- 
vious since the position of the nest in which the va- 
rious generations are born is subject to continual 
change within the course of a few years or a few 
decades. But even in the one-phased intermediate 
complexes each individual must usually (and often 
indeed for each separate journey)™ acquire a special 
engram, even if the disposition to orientation accord- 
ing to one or another intermediate complex (for ex- 
ample according to the sun) may be capable of being 
fixed by heredity. .. . 

The biological significance of the capacity for indi- 
rect orientation is very obvious: in the case of the 
animals which wander about freely without any fixed 
dwelling place direct orientation is, of course, en- 
tirely sufficient for the accomplishment of all the 
necessities of life. But things are quite different in 
the case of the nest-building animals and especially 
so in that of the social animals. Among these the ca- 
pacity of indirect orientation is a necessary condition 
of existence, in consequence of the necessity they are 
under of returning to a definite dwelling place after 
all their expeditions. It can be proved, consequently, 
to exist in all such cases without exception, though fre- 
quently in its most primitive form. 

The work done by indirect orientation based upon 
individually acquired engram associations naturally 
requires much more brain substance, or to express it 
physiologically, the presence of far more complicated 
sensation connections than the development of the di- 
rect orientation based upon a fixed hereditary mechan- 
ism, just as in general the most complicated instincts 
operate with a much lesser expenditure of neuron-com- 
plexes than do comparatively simple plastic perform- 
ances. On the other hand the amount of nerve work 
sometimes actually involved in the case of indirect 
distance orientation is at times very great. For ex- 
ample, even such an enormously complicated succes- 


As in orientation by means of the sun, for instance. 
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sion of associated optical, kinetic, and acoustic engram- 
complexes as are involved in the daily course of busi- 
ness in a great city may run its course almost uncon- 
sciously after frequent repetition. This sort of sec- 
ondary automatization of plastic engram complexes, 
which were originally highly conscious, is one of the 
most interesting phenomena in the biology of memory ; 
it is based in the first instance upon the “Law of 
Ecphoria,” according to which even a partial return of 
a small portion of that sensation complex which pre- 
viously operated engraphically is sufficient to reactivate 
the entire successive associated engram-complex, since 
the successive ecphoria spreads automatically from one 
engram to another “as in a running fire.” 

We have thus come to the end of our theoretical ob- 
servations. While these may seem to possess a some- 
what abstract philosophical character they are by no 
means barren speculations. I expect to have an op- 
portunity shortly to lay before you an account of cer- 
tain practical experiments which involve the applica- 
tion of these laws. It must never be forgotten that 
here as elsewhere nature usually operates with mani- 
fold methods. .. . 

(Dr. Brun’s second lecture, a most interesting one, 
dealing with his experiments on ants and their peculiar 
behavior under various conditions, will be published 
in the January issue of the Screntiric AMERICAN- 
] 


Iron and Steel Manufacture in Japan 
(Continued from page 369) 


employers see fit to give them. Even the mechanics are 
undeveloped. 

It must be remembered that the machinist trade is a 
comparatively new one in Japan; there is no local pre- 
cedent to follow. Whatever the Japanese machinist has 
learned in the way of new things is from foreigners, 
and often he does not grasp the basic principle of an 
operation. He is imitative rather than creative; he is 
clever in this way, but could not be called ingenious 
or inventive. Saito Man, a prominent Japanese writer, 
himself admits that for ‘energy or practical talents, 
the average Japanese cannot hold a candle to the 
American.’ ” 

The Ikegai works has, along with other similar en- 
terprises, had to contend not only with the natural 
ignorance of the laboring class, but also with the 
ignorance due to lack of opportunities to learn. So, 


. then, the fact that they are forging ahead is to the 


credit of these concerns, and the spirits which are 
pushing them along. “The finished machines present a 
creditable appearance, everything considered. and to 
the layman might be of American make with the ex- 
ception of the name-plate, for they are exact copies 
of American machines in some cases.” All this means 
that there is so much to be learned quickly that the 
mind is exhausted with this phase of development to 
the exclusion of creative effort rather than that the 
Japanese mental equipment does not include a credita- 
ble order of inventive ability. Now and then, in Japan 
as elsewhere, some kindred spirit to Munesuké 2nd will 
kick himself loose from his environment and proceed 
to create something along a new line. 

The Ikegai Iron Works, Léit., has two foundries, em- 
ploying altogether, say, 750 men. About 200 of these 
are engaged in molding. It seems that molding is no 
new trade in Japan. At least, it is much older than 
the trade of machinist. The son learns from the father, 
and in turn teaches his son—or, however the trade is 
acquired, it descends from father to son. This is 
something not unfamiliar to Europe. It is said that 
the molders at the Ikegai plants turn out some very 
good castings. Difficult core work seems beyond them 
at present. The molder gets 40 to 45 cents per day. 
No molding machines are in use, unless they have been 
very recently installed. A large part of the molding 
is done right on the floor. This is the case, even with 
small work. Apparently all the Japanese iron foun- 
dries use a sand found on the outskirts of the City of 
Tokyo. The pig iron comes largely from outside 
sources, of which China is the chief. 

Japan has made a beginning in manufacturing elec- 
tric equipment on its own soil. Motors, generators, and 
transformers are built on the spot. Thus, motor gen- 
erators up to a capacity of 6,000 k.w. have been success- 
fully built in Japan. Special parts have, in some cases, 
to be imported, and certain special types of machines 
must be built abroad. But even generators direct- 
coupled to water and steam turbines have been con- 
structed in the Empire. There are one or two big 
factories which are more or less connected with big 
electric concerns in the Western world. Bven so, the 
Japanese naturally do the work, and must assuredly 
do more or less work of a directive character. That 


is to say, even where foreign interests are operating in 
Japan, these factories may be regarded as schools for 
the Japanese. 


The Empire of Japan issues patents to the resident 


and also to the non-resident. American machines not 
patented in Japan are liable not only to be copied, but 
to be locally patented in favor of a Japanese. The 
American inventor and manufacturer who expect to 
do business in Japan should be alert as to this matter. 


Electrification of the Belgian Railways 


Beteium is also engaged in working out schemes for 
the substitution of electric traction in place of steam 
on certain of her lines. Work is to be commenced in 
1920. The first sections to be electrified will be Brus- 
sels-Antwerp and Brussels-Luxemburg, which will 
be followed by Brussels-Ostend. The journey from 
Brussels to Antwerp by electric train will occupy 25 
minutes and trains will be run evrey 15 minutes.—Ab- 
stracted by The Technical Review from La Nature. 


Experiment to Determine the Angle of Repose 
for Loose Materials 


A cYLINDER 1.13 ft. diameter, 1 foot high, without 
ends, is placed on a smooth, level table, and filled with 
the material to be tested. It is then slowly and care- 
fully lifted when part of the material will remain on 
the table in the shape of a cone, h feet high. The value 
of h is measured in feet, and \/h* = tan b, when b is 
the angle formed by the sides of the cone with the level 
table, viz., the angle of repose. 

It will be found to vary with the temperature and 
the degree of moisture of the material tested. Angles 
given in text books apply only to average circum- 
stances, and may be quite misleading under special 
conditions.—Zeitschrift des Vereines Deutscher Inge- 
nieure. 


Why the Castor-Oil Plant is called 
Palma Christi 

THe war greatly stimulated the castor-oil industry 
in practically all countries where the plant producing 
the so-called beans or oil nuts can be made to grow 
successfully. While the name of the product of the 
seeds is castor oil, the plant itself is generally known 
as palma christi which means “palm or hand of Christ.” 
There appears to be considerable speculation as to why 
the name “Palma Christi’ was given to this plant. 
The supposition most often advanced, especially by 
those who are not familiar with the botanical affinities 
of this small shrub, is that the term signifies Christ's 
palm or the palm of Christ, palm having reference to a 
group of plants belonging to Lindley’s palmal alliance 
of hypogynous endogens. There is, however, clearly 
no relation between a true palm and the Palma Christi 
plant which botanists call Ricinus communis, a member 
of spurge family of plants (Huphorbiaceae). The fruit 
is a three-lobed or segmented globular dry pod which 
is believed by some to have suggested the idea of three 
in one or unity in Christ. This theory could possibly 
be accepted and appropriately applied if the castor-oil 
plant had the slightest relation to the true palms, but 
this is not the case and has never been referred to as a 
palr in any language. A glance at the leaves of the 
castor oil plant, which are large, palhate, depely di- 
vided into seven lance-shaped segments, at once re- 
minds one of the palm of the hand; just what the 
name “Christ” signified in this connection is more diffi- 
cult to understand, but it is believed that it has refer- 
ence to the virtues of the oil in the seeds. A mother 
noting that her child is becoming cross and irritable 
gives it a dose of castor oil and its disposition irvaria- 
bly mproves. Thus the large palmate-shaped leaves of 
this plant fancifully represent the hand of the great 
healer and teacher. 


Posture as a Factor in the Originof Animal Species 


Tue changes in attitude of animals usually enu- 
merated have been susceptible of frequent repetition in 
various epochs in organisms of similar nature; they are 
more or less recent; and from this proceeds the gra- 
dation which enables us to arrange them in series, in 
the forms of the present day; they have been able 
to produce various secondary consequences according 
to circumstances; but the conviction which results 
from their comparison of these forms is that they 
were not imposed in the very beginning upon the 
organisms which exhibit them, but that the latter 
have had recourse to them under the pressure of cir- 
cumstances in the conditions of the environment in 
which they live, or even merely because of a modifica- 
tion in their comparative specific gravity, so as to ob- 


tain a more commodious existence and assure them- 
selves of the maximum amount of well-being. These 
changes were temporary at first, they then became 
distinctive, and finally hereditary. 

Even in the ancestral series of animals of the 
present time it has been possible to produce many 
successive changes; each of these has left its trace, 
heredity must have preserved the phases, and hence 
we ought to be able to perceive these in the embryonic 
evolution of the types we are considering. This is just 
what happens, in fact, and is that which gives a defi- 
nite significance to the information which this evolu- 
tion furnishes as to their origin. 
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